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ABSTRACT
A microfacies study of six outcrops and one core-hole 
indicates the Bangor consists of 260 to 306 feet of four facies 
defined herein as the oosparite, the pelmicrite, the shale and 
the biomicrite facies, in decreasing order of abundance. Environ­
mental criteria taken from literature were used to determine Bangor 
environments of deposition. Irwin's (1965) energy zones were used 
as a framework for classifying environments of deposition. The bio­
micrite facies was deposited both in the low-energy, marine X-zone 
and in the low-energy, restricted marine Z-zone. The oosparite 
facies was deposited in the high-energy, barrier Y-zone, and the 
pelmicrite facies was deposited in the relatively restricted Z-zone. 
Zone Z was herein subdivided into the Z-l lagoonal zone, the Z-2 
intertidal zone, and the Z-3 supratidal zone.
As a result of a lithofacies unit-by-unlt environmental deter­
mination, six and a half depositional cycles, within the Bangor, were 
identified at each of the five most complete measured sections. Each 
cycle consists of a basal transgressive phase and an overlying 
regressive phase. The marine fluctuations probably resulted from the 
interplay of varying rates of subsidence and sediment accumulation.
Geographical variation in facies, in particular the greater 
percentage of the oosparite facies in the vicinity of the Nashville 
Dome and the Sequachie Anticline, indicate bathymetric highs, due to 
structural growth, existed at those areas during Bangor deposition 
more often than at intervening areas.
vi
The Bangor Limestone appears to be a clear-water, epeiric, 
carbonate sequence in north Alabama. The Bangor is, in part, equivalent 
to the overlying Pennington terrigenous, marine-sheIf facies, the Park- 
wood deltaic facies, the Lower Pottsville barrier-beach facies, and the 
Upper Pottsville deltaic facies as postulated by Ferm and Ehrlich (1967). 




Most studies of the Upper Mlsslssipplan Bangor Limestone have 
been of a stratigraphic nature and phrases such as "coarsely crystalline 
limestone" or "thln-bedded dolomite" have been used to describe the 
formation. The Bangor has not been examined using a detailed mlcro- 
facles analysis similar to that espoused by Carrozi and Textoria (1967). 
W. E. Smith (1967) recommended the microfacies approach for the study 
of Mississippian limestones in Alabama, and Emerson (1967) used carbonate 
thin-sections to study the Chesterian Series in North Alabama. Emerson's 
study was more stratigraphic in nature, and inferred environments of 
deposition were stated in general terms.
Moore (Professor of Geology, Louisiana State University, personal 
communication) suggested the Bangor be examined in more detail by using 
the techniques and the environmental criteria which have been developed 
from carbonate studies conducted mostly within the last two decades, 
and to determine the relationship, if any, to the overlying formations 
in Alabama. With this objective in mind, a bed-by-bed analysis of 
six relatively complete Bangor outcrops in North Alabama, and one core- 
hole in Georgia, was initiated. Emphasis was placed on assigning an 
environmental interpretation to each lithofacies unit in the vertical 
succession at each outcrop in order to determine both the nature of the 
Bangor sequence and factors which may have controlled sedimentation.
Location
Figure 1 shows the generalized outcrop pattern of Mississippian 
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core-hole used for this study.
Upper Mississippian outcrops in north Alabama form part of a 
discontinuous escarpment peripheral to the southern part of the 
Nashville Dome: they are part of the Eastern Interior Uplands and
Basins physiographic subdivision as defined by Hammond (1963). 
Mississippian rocks are overlapped unconformably by Upper Cretaceous 
strata in northwest Alabama. Breached anticlines in northeast Alabama 
have linear northeast-southwest trends of Upper Mississippian outcrops 
along their flanks. These outcrops lie in Hammon's (1965) Appalachian 
Highlands physiographic subdivision.
Previous Work
Eugene A. Smith (1890) named the Bangor for exposures near the 
town of Bangor, Blount County, Alabama. The original definition 
included both the underlying Hartselle Sandstone, and the Monteagle 
Limestone. Smith observed the limestones were replaced by shale and 
sandstone farther south in the Valley and Ridge Province.
Hayes (1892), McCalley (1896 and 1897) and Butts (1910 and 1926) 
developed the stratigraphy of the Upper Mississippian in Alabaua. Butts 
(1926) redefined the Bangor Limestone to include only the limestone 
between the underlying Hartselle Sandstone and the overlying Pennington 
Shale. This definition has persisted to the present.
Welch (1959), Vail (1960) and Thomas (1967) showed that the 
Bangor grades from limestone in north Alabama to predominantly terri­
genous rocks peripherally to the east, south and west.
Drahovzal (1967) reviewed the biostratigraphy of Mississippian 
rocks in the Tennessee Valley and suggested the Bangor is equivalent 
to the Glenn Dean through Klnkald formations of southern Illinois. He
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also questioned the nature and placement of the Mississippian - 
Pennsylvanian boundary.
Ferm and Ehrlich (1967), Emerson (1967), Hobday (1969) and 
Thomas (1972) studied depositional environments of the Upper 
Mississippian-Lower Pennsylvanian sequence to varying degrees in 
Alabama and Mississippi. The most definitive work, that of Ferm and 
Ehrlich (1967), showed many of the rock units defined by earlier workers 
could be considered time-rock units and the Mississippian and Pennsyl­
vanian were, in part, time equivalent. Offshore-marine limestones or 
clays (Bangor Limestone and Floyd Shale) were progressively overridden 
by nearshore silts (Pennington or Parkwood), beach-barrier quartz 
sandstones (Lower Pottsville) and back-barrier and fluviodeltaic clays, 
silts, "dirty" sands and coals (Upper Pottsville) due to a generally 
northward regression of Carboniferous seas.
Method of Investigation
Six outcrops and one core-hole were measured and sampled in 
detail. Carbonate beds one foot, or less, thick were usually sampled 
from the middle; beds greater than one foot thick were sampled at or 
near the base, the middle, and the top. Samples were collected at 
places where vertical access was relatively easy; consequently, very 
little lateral sampling was done along individual beds. The succession 
is composed of broadly lenticular units, and the sampling procedure is 
thought to have intercepted the various proximal and distal parts of the 
lenses. This sampling procedure should have provided an unbiased 
representation of the sequence. For instance, the thickest part of each 
bed was not preferentially sampled, if a preference was given the 
sections measured would not be representative of the Bangor as a whole.
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The lateral limits of most rock units, especially lime packstones and 
lime grainstones, usually exceeded the lateral limits of the exposure.
A total of 704 rock thin-sections and 127 slabs were prepared.
The stratigraphic top of each thin-section and slab was notched for 
correct top-bottom orientation. Parts of all of the thin-sections were 
stained with a solution of Alizarine Red S and Potassium Ferrlcyanide, 
as described by Friedman (1959), to determine the presence of ferrous 
calcite and ferrous dolomite.
The description of 657 thin-sections was accomplished by tasking 
visual estimates of composition and texture. Balthaser (1969), from a 
study of upper Mississippian rocks in southern Indiana, concluded 
visual estimates for thin-section descriptions would have been more 
fruitful in his investigation. In order to test this assumption, 47 
thin-sections were point counted, using 200 points per section; these 
were then described according to Folk's (1962) classification. About 
ten mouths later, the same sections were classified by visual estimates 
and comparison showed about 757. of the rocks were classified similarly 
as to clan name and the most important descriptive adjectives. The 
study also indicated the volume of smaller allochems such as very fine 
sand to coarse silt-size pellets and bryozoan fragments tend to be 
under-estimated. Intraclast volume also tends to be under-estimated. 
Echinoderm fragments tend to be over-estimated, probably because unit 
extinction under crossed nichols and monocrystalline, syntaxial, rim 
cement (Folk, 1965) catch-the-eye. Small, relatively unusual allochems, 
such as spicules in the Bangor, also tend to be over-estimated. Visual 
estimates for thin-section descriptions permitted an adequate description 
of a larger number of sections than would have been possible by point 
counting alone. The differences noted above are assumed to be
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inconsequential regarding the conclusions made in this study.
Strip logs, with depth versus lithofacies, and associated 
features such as sedimentary structures and thin-section descriptions, 
plotted on them, provided basic information in a form amenable for the 
definition of Bangor facies and for environmental inferences. These 
logs are filed in the Louisiana Room in the Louisiana State University 
Library in Baton Rouge, Louisiana.
A first-order Markov analysis was utilized to examine the 
relationship of lithofacies, one to the other, as they occur in the 
vertical succession.
STRATIGRAPHY
The Bangor Limestone overlies the Hartselle Sandstone or its 
equivalent and underlies the Pennington Formation. Figure 2 shows the 
stratigraphic position of the Bangor with respect to adjacent formations. 
The basal contact is difficult t6 determine where the Hartselle Sandstone 
is missing, in which case it is picked at the base of a shale section 
or thin-bedded dolomite sequence, an erosional surface, or a combination 
of these. The contact with the overlying Pennington is picked, by 
some authors (Emerson, 1967, and Welch, 1959, among others), below the 
first occurrence of variegated green and maroon mudstone or siliceous 
dolomite going up section, or at the top of the first oolitic limestone 
below the Lower Pottsville Formation. Both of these methods are very 
tenuous due to the interfingering of typical Bangor facies and Pennington 
facies resulting in a gradational contact, and as a result, reported 
thickness of the Bangor Limestone and the Pennington Formation vsry 
among authors. This investigator picked the top of the Bangor at the 
base of the predominantly shale and dolomite sequence below Lower 
Pottsville sandstone at the Huntsville section (Figure 3). The Bangor 
so delineated consists of 260 to 306 feet of lime mudstone, packstone, 
grainstone, wackestone, dolomite and shale. The petrology of the 
Bangor Limestone is the subject of this study. Figure 3 is a strati­
graphic cross-section showing the relative thicknesses of the Bangor 
and associated formations and the carbonate-terrigenous relationships 
at each of the measured sections. Measured sections, as transcribed 
and annotated from field notes, are included as Appendix A.
The overlying Pennington Formation is a 145 to 215 foot variable
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Figure 2. Stratigraphic column, modified from Welch (1959), 
Drahovzal (1967) and Emerson (1967).
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sequence of Chin-bedded dolomitized lime mudstone (dolomitized pelmicrite) 
with mudcrecks, algal laminae, birdseye structure, some zones of chert 
nodules, red or green and sometimes fossiliferous shales, few terrigenous 
mudstones and few relatively thick-bedded Bangor-like lime grainstones 
(biosparites and oosparites). The Pennington is thought to be an inter- 
tidal-supratidal-shallow shelf sequence with terrigenous rather than 
carbonate sedimentation being slightly more dominant.
The Parkwood Formation consists of medium to thick-bedded 
sandstones, often with siderite gravel at their base, flaser-bedded 
siltstone and shale, and carbonaceous shale, all of which are thought 
to be part of a deltaic sequence. The Floyd Shale consists of dark 
gray, burrowed, calcareous, fossiliferous shale and siltstone which 
probably represents a low-energy, normal marine sequence.
As determined in this study, both the Parkwood and Floyd replace 
the Pennington and Bangor to the east as shown on Figure 3. The 
Pennington and Bangor shelfal facies of central-north Alabama are 
replaced laterally by the Parkwood-deltaic and the Floyd marine terri­
genous facies to the east, to the south, and to the west as determined 
by earlier investigators.
LITHOLOGY
Folk'8 (1959 and 1962) carbonate classification was selected 
to portray carbonate rock composition and texture. It places emphasis 
on the presence and abundance of intraclasts and ooliths by utilizing 
parts of these terms in hybrid rock or clan names, if first, the allo- 
chemical volume of the rock consists of 25 percent or more intraclasts, 
or second, if 25 percent or more ooliths are present. Intraclasts in a 
rock is evidence either storms ripped-up nearby penecontemporaneous, 
but coherent, sediment and redeposited these as composite grains, or a 
tidal flat and/or channel environment supplied Intraclasts by normal day- 
to-day processes. Well developed ooliths in a spar cement, or with 
good primary porosity, indicates a high-energy marine environment of 
deposition. Pellets and bioclasts have equal importance in the classi­
fication, but they are subordinant to intraclasts and ooliths. The 
last part of a rock clan name is fixed by the relative abundance of 
cement versus microcrystalline matrix. A predominance of lntergranular 
cement, or porosity, over matrix classifies the rock as a sparite, 
whereas a greater matrix content would dictate the rock be classified 
a micrite. Content of lntergranular microcrystalline matrix versus 
cement provides a measure of energy available at the deposltlonal site. 
Appropriate adjectives used with the rock clan name provide an adequate 
description of thin-sections, e.g., burrowed, dolomltic.calclsphere, 
ostracod pelmicrite.
Bangor rock types Include pelmicrite, oosparite, blosparlte, 
shale, biomicrite, lntrasparite, intramlcrite and oomicrlte, in 
decreasing order of abundance. lntrasparite, intramlcrite and oomicrlte 
account for only 5.17. of the Bangor sections measured. Mlcrltlc
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carbonates, for the most part, are dolomites, whereas sparry allochemical 
rocks are limestones.
Certain of the rock types have definite associated properties 
such as specific sedimentary structures, bed thicknesses, bloclasts 
and dlagenetlc features. Consequently, four Bangor facies are defined 
on the basis of these associations and named according to the dominant 
rock types as: pelmicrite facies, oosparite facies, biomicrite facies 
and shale facies. Each facies Is defined and environmental syntheses 
are made In a subsequent section.
Pelmicrite Facies
The composite pelmicrite facies thickness from Bangor measured 
sections Is 292 feet or 24.1 percent of the total measured. Mean unit 
facies thickness* is 3.0 feet. Other rock types included within, but 
not restricted to the pelmicrite facies, are pelsparltes, biopelmicrltes, 
and biomicrites.
Dominant allochems are pellets, intraclasts, pelmatozoan debris, 
calcispheres, spicules or spines, ostracods and bryozoans in decreasing 
order of abundance. Common sedimentary structures Include burrows, 
algal laminations and birdseye structures (Shinn, 1968). Dolomltlzatlon 
and slliclficatlon were the dominant dlagenetlc processes operative 
within the pelmicrite facies.
The identification of pellets within the Bangor was generally 
very difficult. The presence of mashed pellets rather than lime mud 
was inferred when adjacent areas, sheltered from compaction, contained
* A unit facies thickness, as used herein, is the thickness 
of an interval of continuously similar lithofacies, regardless of 
bedding planes.
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well defined pellets. Figures 4A and B show well developed pellets 
within a brachiopod shell, whereas pellets have been meshed and dolo- 
mltlzed throughout the remainder of the thln-sectlon. Figure 4C also 
8hows the sheltering effect In a pelsparlte. Pellets range from 40 to 
200 microns and consist of mlcrlte or dolomitized mlcrlte.
Grains appearing to be part of an aggregate or pre-existing 
rock, were classified as Intraclasts; most Intraclasts appeared to be 
clasts of pelmlcrltes. Bioclasts and ooliths which appear to be highly 
weathered and darker colored than adjacent grains could be Intraclasts, 
however, they were counted as the original allochem. The distinction 
between Intraclasts and oncollths, or calm water ooliths, was usually 
not difficult due to the higher order of organization of the latter. 
Figure 4D Is a photograph of a dolomitized pelmicrite with abundant 
Intraclasts.
Pelmatozoan debris are the most abundant bloclasts In the 
pelmicrite facies, however, they are volumetrIcally more abundant In 
the oosparite and the biomicrite facies. Field observations Indicate 
most pelmatozoan debris comes from blastolds, especially Pentremltes sp.
Calclspheres occur In other facies, but they are more dominant 
In the pelmicrite facies. At least three types of calclspheres have 
been Identified:
1. A spheroid with a smooth, relatively thick mlcrltlc wall 
(average between 15 to 20 microns) with an outside diameter 
of about 100 microns;
2. A spinose (?) calclsphere, thinner shelled and larger than 
the previous form; and
3. A thin, probably two layer prismatic - mlcrltlc walled type 
which Is generally larger than the thicker walled mlcrltlc 
type.
The first named smooth, thick-walled type is by far the most
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abundant. Figure 4E shows mlcrltlc thlck-walled calclspheres, and 
spinose (?) calclspheres. Transverse sections of brachiopod spines 
and a mlcrlte-walled tubular foram could be mistaken for calclspheres. 
Also, monocular forams, as found by Mamet (1970), but not Identified 
in this study, may lead to errors in identification.
Calcareous and siliceous spicules and spines, with few exceptions, 
are found only in the pelmicrite facies. The affinity of the spicules 
are not known, but most are probably sponge spicules. Figures 5A and B 
illustrate some spicules.
Ostracods are most abundant in the pelmicrite facies. About 
three-fourths of the shells are from 3 to 19 microns thick, and the 
remainder are 20 to 30 microns thick. If the thin-shelled forms are 
molt stages, then ideally, they should comprise eight-ninths or 88.89 
percent of ostracod shells (R.C. Moore, et al, 1952). Probably the 
earliest and most fragile instars were destroyed by currents, biologic 
activity, dissolution or a combination of these, and the thick-shelled 
forms are, in fact, adult shells. Figures 5C and D show ostracods 
within the pelmicrite facies.
Bryozoan debris are more abundant in facies other than the 
pelmicrite facies. Only fenestrate or ramose forms are found in the 
pelmicrite facies. Other allochems include brachiopods, forams, 
oncollths, algae and rare large gastropods. Figure 5E illustrates 
the algae Girvenella sp. (rare in the Bangor) and Figure 5F shows 
oncolites from rocks in the pelmicrite facies.
Sedimentary structures within the pelmicrite facies include even 
to crinkly laminae, thought to be of algal origin, and burrows, blrdseye 
structures, mudcracks and root structures.
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Algal laminae range from very chin layers measured in tens- 
of-micron8 to centimeter-thick layers. The presence of "out-sized" 
clasts indicates trapping by mucilaginous algae and crinkled layering 
indicates subaerial desiccation of algal mats. Features associated 
with algal laminae include desiccation clasts, mudcracks, root 
structures and small-scale cut-and-fill structures. Figure 6A shows 
mudcracked dolomite, with small birdseye structures, overlain by 
highly contorted, alga1-laminated dolomite, all included in the pel­
micrite facies. Figure 6B and C also illustrate algal laminae.
Figure 6D shows mudcracked and rooted, dolomitized pelmicrite.
Burrow structures, with vertical or near vertical orientation 
and 4 to 6 millimeters in diameter, are common, both in the pelmicrite 
facies and the biomicrite facies. These were referred to as "nail-hole" 
burrows in field notes. Burrow walls were apparently firm as burrow- 
fill usually consists of large allochems in a spar cement or material 
different from the enclosing rock. They were probably habitats for 
sessile suspension feeders (Frey, 1971). Figures 6E and F illustrate 
"nail-hole" burrows.
Large, randomly orientated, often indistinct burrows occur 
within the pelmicrite facies. Burrowing was often inferred by the 
presence of disorientated shell fragments or rock with an irregular 
churned appearance. Figure 7A illustrates a burrowed biopelmicrite 
in the pelmicrite facies.
Birdseye structures, mudcracks, and root structures are 
restricted to the pelmicrite facies, and they often occur together. 
Figure 7B shows well developed birdseye structures within a dolomitized 
pelmicrite.
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Dolomitization was the dominant dlagenetlc process operative 
within the pelmicrite facies. Other facies exhibit some dolomitization, 
but not as pervasive as In the pelmicrite facies. With rare exceptions, 
allochems, excluding pellets and silt-size grains, have not been 
dolomitized and only the mlcrltlc matrix has been replaced. Illing 
(1959) emphasized that permeability variations control selective 
dolomitization, that is, only permeable sediment is subject to 
dolomitization. Murray and Lucia (1967) noted that selective dolo­
mitization of lime mud may be due to the presence of relatively soluble 
aragonite in the mud. Sand-sized grains, especially pelmatozoan 
debris, consist of high magnesium calcite which rapidly inverts to the 
less soluble low-magnesium calcite, consequently, only the aragonltic 
lime mud would be replaced by dolomite. Dolomite in the Bangor consists 
of anhedral crystallites to euhedral rhombs 20 to 30 microns in long 
dimension. Figures 7C and D illustrate dolomitized rock in the 
pelmicrite facies.
Stratiform nodular chert zones are restricted to the pelmicrite 
facies. They usually occur in dolomitized, spicular pelmicrite. Pyrlte 
is often found at the contact between s111c ifled and non-s11lcif led 
areas. Most of the silica probably came from siliceous spicules and 
possibly calclspheres. Figures 7E and F illustrate the relative sharp 
boundary as often found between siliclfied and non-silie if led areas.
Oosparite Facies
The composite oosparite facies thickness from Bangor measured 
sections is 530 feet or 43.7 percent of the total measured. Mean unit 
facies thickness is 4.6 feet. The dominant rock types within the
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oosparite facies are oosparites, 267 feet thick, and biosparites,
227 feet thick.
Dominant allochems are ooliths, pelmatozoan debris, bryozoan 
debris, intraclasts, mollusk fragments and forams, in decreasing 
order of abundance. Large scale cross-laminae or inclined laminae 
are the only abundant sedimentary structures in the oosparite facies, 
however, rare vertical burrows are found. Cementation of allochems 
by sparry calcite was the most common diagenetic process operative 
within this facies.
In general, dominant oolith nuclei consists of pelmatozoan 
clasts, bryozoan clasts, intraclasts and forams in decreasing order of 
abundance. A closer examination of oolith nuclei in the case of 
oosparites overlying intraclastic rocks showed Intraclasts were the 
dominant nuclei in those instances. Concentric laminae surrounding 
oolith nuclei are often disrupted by poorly defined, fine, radial 
structures which may be fungal or algal borings (Kahle, et al, 1973), 
or may be vestiges of pre-disgenetic aragonite radial crystal 
orientation (Kahle, 1974), or a combination of these. Figure 8A 
shows a blosparrudlte, included in the oosparite facies, with abundant 
bryozoan and pelmatozoan debris. Mlcrlte filled bryozoan voids may 
indicate those clasts have been exhumed from a previously deposited 
sediment. Figures 8B and C illustrate well developed ooliths, various 
nucleus types, radial structures, bladed rim-cement, and moaslc spar- 
cement. Figure 8D illustrates a cross-laminated oosparite slab.
Figure 8E shews burst ooliths and grain interpenetration, features 
indicating early compaction or compaction before the emplacement of 
moasic cement. Disrupted bladed cement, and many cases of complete
18
occlusion o£ mosaic cement between grains, suggest compaction and 
failure occurred after the rim cement formed but before mosaic cementa­
tion occurred.
Biomicrite Facies
The biomicrite facies thickness from Bangor measured sections is 
194 feet or 16.0 percent of the total measured. Mean unit facies 
thickness is 1.8 feet. Biomicrite is by far the most dominant rock 
type in the biomicrite facies with minor thicknesses of intramicrlte 
and oomicrite.
Dominant allochems in the biomicrite facies are bryozoan debris, 
pelmatozoan debris, forams and brachiopod debris in decreasing order 
of abundance. Randomly orientated, often indistinct burrow structures 
are the dominant sedimentary structures found in the biomicrite facies. 
Fifty percent of the thin-sectlons of rocks in the biomicrite facies 
contain 10 to 50 percent dolomite. About 38 percent have calcite 
cement and 12 percent have over 50 percent dolomite.
Bryozoans contributed the greatest volume of allochems to this 
facies. Fenestrate bryozoans are most abundant. Figure 9A shows a 
transverse cross-section of an Archimedes sp. "screw" along with pel­
matozoan and bryozoan debris in a biomicrite. Massive bryozoan colonies 
are also present, and they are found in 61 percent of biomicrite 
thln-sections. Pelmatozoan debris, mostly blastold ossicles, rank 
second in volumetric abundance. Foramlnlfera rank third in abundance, 
in the biomicrite facies, and they are volumetrically more abundant 
here than in any other facies. Figure 9B illustrates a foram rich 
biomicrite. Endothyrid forams are the most common type within the 
Bangor and within the biomicrite facies. They attain maximum
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d linens ions of 800 microns with an average of 300 microns. Figure 9C 
shows an axial section of an endothyrid foram within a biomicrite, and 
Figure 9D is an equatorial view from the same thin-section. A tightly 
whorled form of ArchaeodIscidae, with a pseudofibrous sparry calcite 
test, occurs primarily within the biomicrite facies. Figure 9E 
illustrates archaeodiscid forams.
Brachiopod shells within the Bangor occur as completely 
articulated individuals; as separated, but complete valves; and as 
fragments down to the limits of recognition (about 30 microns). 
Impunctate, punctate and pseudopunctate forms are present. Brachiopod 
abundance in the various facies is equally distributed. Balthaser 
(1969) studied limestones, in southwest Indiana, which are equivalent 
to the Monteagle Limestone and the lower Bangor Limestone: he concluded
that different brachiopod genera showed different lithologlc preferences 
so that when lumped, preferences cancelled out. Figure 9F shews a 
pseudopunctate brachiopod within a biomicrite.
Sedimentary structures within the biomicrite facies consist 
almost entirely of randomly orientated burrow structures, generally 
resulting in a churned appearance. Figure 1QA illustrates a highly 
burrowed, dolomltized, brachiopod biomicrite.
Most biomicrites contain enough dolomite to be classified ss 
dolomitic biomicrites. Dolomite occurs as individual rhombs within 
calcltlc allochems (poikilotropic dolomite) and as a mass of euhedral 
to anhedral replacement dolomite crystals surrounding mostly calcitic 




The composite shale facies thickness within Bangor measured 
sections Is 197 feet, or 16.2 percent of the total section measured. 
Mean unit facies thickness Is 1.9 feet. Table 1 summarises Bangor 
facies thicknesses. Only shale beds comprise this facies, however, 
missing or covered section probably consists of shale, for the most 
part.
Shales within the Bangor are light to dark gray, sparse to very 
fos8lllferous clay shale. Shale beds were not studied In detail, 
however, their thickness distribution and positions within the sequences 
were noted.
In the next section, the four facies defined above will be 
related to environments of deposition, using criteria established by 
studies of modern deposltlonal environments.
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TABLE 1















SHALE 1.9 197 16.2
BIOMICRITE 1.8 194 16.0
TOTAL 1213 100.0
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Figure 4 Photographs: Pelmicrite facies.
A. Pellets within brachiopod shell have not been compacted or 
dolomltized, whereas those outside of the shell have been 
altered so that they are difficult to identify. The 
enclosing rock is a dolomltized, brachiopod, bryozoan, 
pelmatozoan pelmicrite. Picture is from stained part of 
thin-section H-76, taken with nichols crossed.
B. Same as above at smaller scale.
C. Poorly washed, brachiopod, pelmatozoan, calcisphere 
pelsparite. Large brachiopod shell provides shelter 
for underlying pellets. Picture is from stained part of 
thin-section D-73B, taken in plane light.
D. Dolomltized pelmicrite with abundant intraclasts in upper 
part. Many vertical microfractures are present. Picture 
is from S-40 SLAB.
E. Micrite-walled and spinose (?) calcispheres in a packed, 
foram, pelmatozoan, calcisphere intramicrudite. Picture 
is from unstained part of thin-section H-94, taken in 
plane light.
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Longitudinal and transverse cross-sections of randomly 
orientated spicules in a burrowed, slightly dolomitic, 
ostracod, spicule biopelmicrite. Picture is from unstained 
part of thin-section H-17-1, taken with nichols crossed. 
Siliceous spicules in a dolomltized, very siliceous, spicule 
biomicrite. Picture is from unstained part of thin-section 
S-91, taken with nichols crossed.
"Sooty" pyrltic coating on thin-shelled ostracods from a 
burrowed, sparry, ostracod, calcisphere pelmicrite. 
Pyritization and sparry cement indicate rapid burial of 
ostracods after death. Picture is from stained part of 
H-22 thin-section, taken with nichols crossed.
Thick-shelled ostracods and calcispheres in dolomitic, 
slightly quartz-silty, intraclastlc, ostracod, calcisphere 
biopelmicrite. Valve orientation indicates some trans­
portation after death. Picture is from stained pert of thin- 
section S-6D, taken in plane light.
Intertwined mass of tubes of the algae Girvenella sp. in a 
burrowed, calcisphere, algal, spicule pelmicrite. Oval 
sparry grains are cement-filled ostracod shells. Picture is 
from stained part of thin-section H-60, taken in plane light. 
Well developed oncolites in a packed, oncolltic, spicule, 
calcisphere, ostracod biopelmicrite. Truncated oncollth 
in upper left corner probably indicates a longer than 















Mudcracked dolomite, with small birdseye structures, 
overlain by sparry calcite and highly contorted, algal- 
laminated dolomite. Small thrust fault near top of 
photograph indicates sediment was probably lithified by 
desiccation which occurred during periods of subaerial 
exposure. Picture is from D-28 SLAB.
Very thin, even to slightly crinkled, algal laminae. 
Prominent lamina near center has "out-sized" Intraclasts 
or large fecal pellets lying on its surface; they were 
probably trapped by mucous algae. Dark band at bottom is 
a replacement chert layer. Picture is from D-56 A SLAB. 
Relatively thick dolomite crusts, probably of algal origin. 
Picture is from C-8 (SLAB).
Mudcracked and rooted, dolomltized pelmicrite with birdseye 
structures. Picture is from H-61 SLAB.
Transverse section of "nail hole" burrow in a packed, 
sparry, ostracod, calcisphere pelmicrite. Picture is from 
stained part of thin-section H-22, taken in plane light. 
"Nail hole" burrows in a packed, dolomitic, quartz-silty 
pelmicrite. Burrow-fill is closely packed, dolomitic, 
pseudo-oolitic, bryozoan, pelmatozoan biomicrite. The 
originally more porous and permeable burrow-fill material 
served as conduits for water which leached iron from 
surrounding material and redeposited it as light brown iron 
oxide halos around burrows. Picture is from S-10 SLAB.
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Figure 7 Photographs: Pelmicrite Facies.
A. Fenestrate bryozoan fronds in burrowed, dolomltized, 
bryozoan biopelmicrite. Dark coarser material in upper 
right is burrow-fill, and the disorientation of bryozoan 
fronds in the lower right is probably due to burrowing.
Note cross-section of undisturbed horizontal frond at left. 
Picture is from C-2 (SLAB).
B. Large planar birdseye structures at top and smaller 
structures downward, within a pelmicrite dolomite. The 
walls of some vugs (top center) were coated by pyrite 
crystals before the voids were filled with sparry cement. 
Pyrite appears as light toned rims around darker toned 
void-fill cement. Picture is from D-56 SLAB.
C. Poikilotropic dolomite in a burrowed, dolomitic, sparry, 
ostracod, spicule pelmicrite (pellets mashed) above edge 
of dolomltized biomicrite burrow-fill. Large fragment at 
lower left is part of pelmatozoan ossicle. Well defined 
Poikilotropic dolomite rhombs to the right of center. 
Picture is from stained part of thin-section H-26B, taken 
in plane light.
D. Well developed, iron-rich dolomite rhombs in a faintly 
laminated, dolomltized, pelmatozoan, intraclaatic, cal­
cisphere pelaparite. Pellets, about 40 microns in 
diameter, are barely discernable. Dolomite rhombs are 20 
to 25 microns in long dimension. Picture is from stained 
part of thin-section H-68, taken in plane light.
Figure 7 (cont'd)
E. Laminae extend through slllclfied area to the right. 
Siliceous spherules of unknown affinity remained in 
relatively low pH area, whereas spherules have been 
dissolved from high pH unsilicified area. Picture 
is from unstained part of thin-section S-57 SLAB.
F. Edge of chert nodule with well developed transition 
zone (far right) in laminated and burrowed packstone. 
Large dolomltized intraclast dominates the center of 
illustration. Picture is from S-58 SLAB-2.
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Figure 8 Photographs: Oosparite Facies.
A. Pelmatozoan and bryozoan debris in an intraclastlc, 
pelmatozoan, bryozoan biosparrudite. Photograph is from 
stained part of thin-section B-30, taken in plane light.
B. Well developed ooliths in a coarse oosparite. Picture 
shows well developed bladed rim cement; later-forming 
moasic sparry cement filled the remaining pore space.
Note radial structure in oolith laminae. Large intra- 
clast contains pelmatozoan fragment and brachiopod shell 
in a micrite matrix. Photograph is from thin-section 
H-9A, taken in plane light.
C. Bladed rim cement projecting from oolith surfaces with 
moasic cement-fill in center of intersticiea. Very thin, 
concentric laminae around nuclei is barely dlscernable.
Radial oolith rim structure could be due to fungal (?)
or algal (?) borings, original aragonite crystal 
orientation or a combination of these. Picture is from 
thin-section H-9A (same as "B" above) taken in plane light.
D. Faintly laminated, pelmatozoan oosparite. Inclined laminae 
present, but difficult to distinguish at high magnification. 
Thin lamina, distinguished by finer grain size, crosses 




E. Slightly distorted ooliths in a pelmatozoan oosparite.
Most of the nuclei are pelmatozoan grains; the dark 
nucleus of the oolith near the center of the photograph 
appears to be a micrltlzed, earlier-formed oolith. Note 
the well defined concentric, oolith laminae and the radial 
structure within laminae. The burst oolith laminae and 
the interpenetration of grains probably resulted from 
compaction after rim cementation, but before moasic 
cementation. Photograph is from the unstained part of 
thin-section 0-11 SLAB, taken from a 6.5 foot oolite 
showing low-angle cros3-laminae.
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Figure 9 Photographs: Biomicrite facies.
A. Transverse cross-section of an Archimedes sp. "screw" 
within a sparry, pelmatozoan, bryozoan biomicrite.
Picture is from unstained part of thin-section H-ll, 
taken in plane light.
B. Foram-rich biomicrite. Picture is from unstained part of 
H-47, taken in plane light.
C. Axial section of an endothyrid foram, from a burrowed, 
sparry, packed, foram, pelmatozoan biomicrite. Picture 
is from stained part of D-32, taken in plane light.
D. Equatorial section of an endothyrid foram from the same 
thin-section as "C" above.
E. Equatorial section, upper left, and axial section, middle 
right, of archaeodiscid forams, in a burrowed, foram, 
bryozoan, pelmatozoan biosparite. Photograph is from 
unstained part of H-44A, taken in plane light.
F. Longitudinal cross-section of a pseudopunctate brachiopod 
shell, found most often in the biomicrite facies. The 
rock is classified as a packed, pelmatozoan, bryozoan 
biomicrite. Picture is from unstained part of thin- 
section H-ll, taken in plane light.
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Figure 10 Photographs: Biomicrite facies and storm sequence
A. Highly burrowed, dolomltized, brachiopod biomicrite: 
note churned appearance. Picture is from D-69 SLAB.
B. Dolomite rhombs in matrix of a burrowed, quartz-silty, 
bryozoan, brachiopod, pelmatozoan biomicrudlte dolomite. 
Allochems are pelmatozoan ossicles. Picture is from 
unstained part of thin-section H-39, taken in pla ne 
light.
C. Mudcracked and rooted, supratidal (Z-3) pelmicrite 
dolomite with planar birdseye vugs overlain by a 
sparry biomicrite containing dolomltized, pelmicrite 
intraclasts from the underlying pelmicrite. The 
biomicrite is interpreted to be a storm, floodtide 




The energy zones as delineated by Irwin (1965), and further 
described by Selley (1970), for carbonate shoreline and shelf 
deposits is used herein, with slight modification, for the environ­
mental placement of Bangor rocks. Irwin's clear-water, epeiric sea 
model employs three depositional zones: The X, or open sea zone;
the Y, or barrier zone; and the Z, or lagoon-sabkha zone. The zones 
occur on a gently sloping marine shelf where sea level and base of 
dominant wave action determine zone boundaries. In the deeper part 
of the shelf, below wave base (zone X), fine-grained, initially 
laminated mud will settle out of suspension and skeletal parts will 
be unbroken, for the most part. Where wave base intersects the shelf 
floor, turbulent water will winnow lime mud; shells will be crushed 
and abraded; and a bar or shoal will form (zone Y). Shoreward, 
restricted, low-energy conditions prevail (zone Z). Figure 11 shows 
Bangor environmental subdivisions based on Irwin's (1965) energy 
zones for a clear-water, epeiric sea. Irwin related the three energy 
zones to a maximum of six sedlmentological units, but in this study, 
the energy zones are related to depositional environments. A further 
embellishment of Irwin's model is the subdivision of the low energy 
Z-zone into three depositional environments. Consequently, the five 
major depositional environments believed to exist in north Alabama
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BANGOR LIMESTONE ENVIRONMENTAL SUBDIVISIONS
-------  SEAWARD LANDWARD ------- ►
X Y Z
ENERGY ZONES
AFTER LOW ENERGY HIGH ENERGY LOW ENERGY
IRWIN (1965) (MARINE (WAVE and TIDAL (LITTLE CIRCULATION-TIDAL
CURRENTS) CURRENTS) CURRENTS RESTRICTED SEAWARD)
X Y Z - 1 Z - 2 Z - 3
BANGOR
ENVIRONMENTS OPEN MARINE BAR OR SHOAL LAGOONAL INTERTIDAL SUPRATIDAL
OF DEPOSITION
Figure II. Bangor environmental subdivisions based on Irvin's (1965) 
energy zones for an epeiric, clear-water sea.
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during Bangor deposition, and shown on Figure 11, are:
X - open marine,
Y - Bar or shoal,
Z - 1 Lagoon,
Z - 2 Intertidal,
Z - 3 Supratidal.
The ensuing section lists the environmental criteria used 
to determine depositional environments of each of the four Bangor 
fac ies.
Carbonate Environmental Criteria
Many investigators have directed their efforts toward the 
development of Holocene carbonate depositional models within the 
last fifteen years. Some of the more Important environmental 
criteria resulting from these studies are presented on Figure 12.
Note the chart is divided into two parts: paleoecological criteria, 
and physical criteria. The bars in the paleoecological portion 
indicate preferred habitats. Some of the criteria, especially palao- 
ecologlcal criteria, result from deductions based on studies of 
ancient rocks.
A relatively large percent of a bioclast type within a carbonate 
was taken as an Indication that the organisms which produced the 
hard parts lived in the general vicinity. Imbrie and Newell (1964), 
among others, argue that lithologic and paleontologlc facies are 
Influenced by many of the same environmental controls; therefore, 
they tend to vary together. Johnson (1964), however, noted the
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Figure 12. Environmental criteria used to determine the mode of origin of the Bangor carbonate sequence.
Thickness of bars indicate relative degree of validity as environmental indicators: the




areal distribution of the remains of a group of organisms tends to
be greater than that of its living representatives. Jervey's study
(Louisiana State University graduate student, 1973, personal coumunl-
cation) of a northeastern Gulf of Mexico shelf community verified
Johnson's observation.
References used to establish environmental Indicators shown
on Figure 12 follow.
Paleoecological references:
Brachiopods: Balthaser (1969), Carozzi and Textorls (1967),
Peterson (1962), Bretsky, et al (1969), Rudvlck 
(1965), Hyman (1959), Lowenstam (1957), Wanner 
and Sievert (1935) and Wilson (1967).
Bryozoans: Carozzi and Textorls (1967), Lowenstam (1957)
and Duncan (1957).
Calcispheres: Rezak (1971), Wray (1971), Wilson (1967),
Mamet (1970) and Carozzi and Textorls (1967).
Corals: Becker (1971).
Foraminifera: Ginsberg (1956) and Mamet (1970).
Ostracods: Becker (1971), Wilson (1967), Pusey (1964)
Agnew (1957), Oertll (1971) and Kilenyl (1971).
Pelmatozoans: Carozzi and Textorls (1967), Purdy (1964),
Cline and Beaver (1957), Becker (1971), 
Lowenstam (1957) and Pusey (1964).
Spicules: Wilson (1967) and llllng (1954).
Physical criteria references:
"Algal" laminae: Black (1933), Ginsberg and Lowenstam (1958),
Logan et al, (1964), Monty (1965), Gebelein 
(1969), Shinn, et al (1969), Shinn (1968 a) 
and Neuman, Gebelein and Scoffln (1970).
Birdseye structures: Shinn (1968).
Burrow orientation: Frey (1971), Rhoads (1967), Sallacher
(1964), Howard (1966), Shinn, et al 
(1969), Roehl (1969) and Laporte (1969).
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Large scale cross-laminae: Purdy and Imbrie (1964) and
Ball (1967).
Mudcracks: Ginsberg (1964), Purdy and Imbrie (1964), Roehl
(1969), Kendal, et al (1968), Shinn, et al (1969), 
Multer (1969), and Laporte (1969).
Ooliths: Donahue (1965 and 1967), Bathurst (1967), Purdy
and Imbrie (1964), Ball (1967), Newell (1955),
Illing (1954), Newell, et al (1960), and Trlchet 
(1968). Other environmental Inferences for ooliths: 
Freeman (1962), Davis (1966), Bathurst (1967a) and 
Fabricius, et al (1970).
Pellets: Folk (1962), Beales (1965), Hatch snd Rastall (1938),
Illing (1954), Moore (1955), Kornicker and Purdy
(1957), Hoskin (1963), Roehl (1969), and Shinn,
et al (1969).
Root structures: Shinn, et al (1969) and most references cited
for mudcracks.
Not listed on Figure 12, but perhaps one of the most Important 
factors in determining ancient carbonate environments, is the amount of 
mlcrlte in the rock (exclusive of mlcritlc allochems). High wave or 
current energy at a sedimentation site, where sand or larger grains 
are available, winnows out the mud fraction leaving a deposit which 
consists of a sand or gravel fraction and pore space. Wherd winnowing 
currents are weak or absent, the resulting deposits would contain much 
lime mud, if present in the environment. Folk (1962) argued that 
the single most important environmental break in limestones is between
rocks with a lime-mud matrix and rocks with a sparry-calcite cement.
Dunham (1962) and Plumeley, et al (1962), and others, also emphasise 
this distinction. Exceptions do exist, however, such as the situation 
where organic baffels trap lime mud in a high-energy envlroment; and 
biogenic winnowing of sediments removes lime mud from low-energy 
depositIona1 areas.
Figure 13 relates the four basic Bangor facies to Irwin's (1965)
44
modified energy zones for en epeiric, cleer-weter see. As cen be 
seen, the generel biomicrite fecles cen occur In either the open- 
merine X-zone or eny of the three Z subzones, while the pelmicrite 
fscies cen occur in any of the three Z-subzones as well. Referring 
back to Figure 12, relating second order physical end biological 
characteristics of these facies to Irwin's energy zones, it is 
apparent that a burrowed, foraminiferal, bryozoan biomicrite would 
represent the X-zone while an ostracod, spicule-bearing biomicrite 
would represent lagoonal, or Z-zone biomicrites. In practice, these 
single sedimentologic units of a particular facies within the vertical 
sequence of an outcrop can be assigned to more specific deposltlonal 
environments through the use of the second order criteria listed on 
Figure 12. As an example, a three foot sequence of the pelmicrite 
facies which contains birdseye structures, mudcracks and algal- 
lamlnations would be assigned to the Z-3 zone, or supratldal environ­
ment. This scheme was utilized to make a detailed, vertical environ­
mental analysis of each of the measured sections in order to determine 
the specific sedimentologic evolution of the Bangor rocks as related 
to time.
ENVIRONMENTS OF DEPOSITION - BANGOR FACIES
ENVIRONMENTS X Y Z - 1 Z - 2 Z - 3
OF
DEPOSITION OPEN MARINE BAR OR SHOAL LAGOONAL INTERTIDAL SUPRATIDAL
BANGOR BIOMICRITE OOSPARITE PELMICRITE
FACIES SHALE BIOMICRITE
SHALE
Figure 13. Interpretetion of Environments of deposition 
of Bengor facies.
ENVIRONMENTAL SYNTHESIS
The unit-by-unit environmental interpretation at each of the 
measured sections resulted in the definition of six and a half 
depositional cycles within the Bangor. Each cycle consists of a 
basal, transgressive phase, and an upper, regressive phase. Figure 
14 is a columnar section of the earliest cycle at the Huntsville 
measured section where rocks thought to be of lagoonal origin (Z-l) 
are overlain by rocks deposited in progressively more seaward 
environments culminating with the deposition of bed H-12 of open- 
marine (X-zone) origin. This sequence represents the transgressive 
phase. Beds H-13 through H-17-3 belong in the regressive phase; they 
represent deposition from a high-energy bar or shoal (Y-cone) environ­
ment through progressively landward environments, culminating in rocks 
of supratidal origin (Z-3 zone). The stratigraphic cross-section, 
Figure 3, shows the Inferred cycles at each measured section.
Continuity of llthofacles units between measured sections 
could not be established; this indicates the Bangor Formation was 
deposited on an irregular shelf: a uniform slope would favor the 
deposition of blanket deposits with relatively slow transgression or 
regression. However, cycle and phase boundaries approximate time 
lines and with more control a set of paleogeographic maps could be 
constructed enabling a detailed reconstruction of geologic history 
for this or similar sequences.
The fact that six and a half cycles were present at aach measured 
section indicates transgression and regression occurred on a regional 
basis. No widespread erosional surfaces were noted; therefore,
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Figure 14. Depositional Cycle I at Huntsville measured section. 
Transitional zones indicated by z-y and y-x.
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transgression and regression were the results of the interplay 
between rate of sedimentation and rate of subsidence.
A first order Markov Analysis was made to test the validity 
of the cyclic nature of tl-i sequence. A first order Markov Process 
can be regarded as a process in which the probability of the process 
being in a given state at a particular time may be deduced from 
knowledge of the immediately preceeding state (Harbaugh, et al, 1970).
A sequence in which the Markov Process is operative possesses a 
"memory" of prior events. By noting the relative frequency each Bangor 
facies is succeeded by other facies in the vertical succession, a 
preferred order of succession of facies for the Bangor can be 
established. If a preferred order of succession of lithofacies 
exists, then the sequence must be cyclic. An orderly vertical 
succession of laterally adjacent environments during a relatively 
slow transgression or regression will produce a stratigraphlc column 
which possesses "memory." Conversely, as Carr, et al (1966) pointed 
out, if environments have no systematic lateral relationships one to 
another, then transgression or regression will produce a stratigraphlc 
succession with little or no "memory" and the resulting sequence will 
not demonstrate cyclicity.
A Markov Analysis, patterned after Lumsden (1971), was employed 
to test whether or not the Bangor Limestone possesses "memory" and 
to establish a preferred order of succession of lithofacies. Appendix 
B gives the details of the analysis. The four basic Bangor facies 
were subdivided into eight subfacies based only on rock type, in order 
to make the study more objective: the only significant subdivision was
4 9
differentiating between oosparite and biosparite in the general 
oosparite facies.
In summary, the Markov Analysis showed that the Bangor sequence 
has highly significant "memory." The tree diagrams of Figure 15 
show the most probable succession of lithofacies based on the Markov 
Analysis. The tree diagrams represent an amalgamation of cycles, with 
Figure 15A representing the most likely succession of facies during a 
transgressive phase, and Figure 15B representing the most likely 
succession during a regressive phase.
Figure 15A illustrates a succession thought to represent a 
typical transgressive sequence in the Bangor. Pelmicrite, shale and 
biomicrite, deposited in the low-energy Z-zone, is overlain by bio­
sparite and oosparite, deposited in the high-energy Y-zone, which 
in turn is overlain by biomicrite, deposited in the low-energy, open- 
marine X-zone. Figure 15B represents a typical Bangor regressive 
sequence. Biomicrite, deposited in Zone X, is overlain by biosparite 
and oosparite, deposited in Zone Y, which in turn is overlain by 
biomicrite, deposited in Zone Z. The percentages on the tree diagrams 
indicate the relative probability of the occurrence of the transitions 
shown, however, the orders of succession were established by removing 
the effects of chance or random successions. The Markov Analysis 
indicates the Bangor Limestone is cyclic in nature and serves to 
substantiate the interpretation that the Bangor is a multicycle 
sequence.
Figure IOC illustrates an excellent example of the effects of 
storms on the succession wherein a storm flood-tide has emplaced 
bioclastic material on a supratidal flat. This storm-caused succession
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Figure 15. Tree diagrams illustrating the most probable order of
succession of Bangor facies in a transgressive sequence, 
"A" and in a regressive sequence, "B" . Values indicate 
relative probability of transitions shown.
51
is not indicated on the tree diagrams of Figure 15, but it could be 
considered a transgression where the shale component has been skipped 
due to the catastrophic nature of the transgression.
Table 2 shows the thickness and relative-thickness percent of 
facies at each of the five most complete measured sections. For example,
47.2 feet of the pelmicrite facies was measured at the Huntsville 
locality (upper half of upper left block) and pelmicrite makes up
18.2 percent of the Bangor at the Huntsville locality (lower half of 
upper left block). The facies percent figures were taken from this 
table to construct Figure 16 which illustrates the distribution of 
Bangor facies between the measured sections. The higher percentage of 
the oosparite (Y-zone) facies over the Sequatchie Anticline, as seen 
at the Dutton and the Blount Springs sections, and the same increase 
near the Nashville Dome, as seen at the Huntsville section, suggests 
high-energy shallow water environments, thus uplift (or at least 
relative lack of subsidence), existed in those areas more often than 
at the bathymetrically lower intervening areas. Conversely, the high 
percentage of the shale facies and the pelmicrite facies at the Swalm 
and Skyline sections indicate dominate deposition was in the restricted 
low energy Z-zone. The Swaim and Skyline sections could also Indicate 
carbonate mud flats existed in those areas because of uplift. However, 
the lack of angular unconformities within the Bangor suggests uplift, 
or relative lack of subsidence, was not as dominant as uplift at 
Huntsville, Dutton and Blount Springs. The diagrammatic paleogeo- 
graphlc map of Figure 17 was constructed to reflect the above con­
clusions. Figure 17 depicts Carboniferous deposltional sites at an 
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Thickness (upper half of block) and relative thickness in percent 
(lower half of block) of facies at each measured section. Note 
that concealed section was Included in the shale facies.
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DISTRIBUTION OF BANGOR FACIES 













Figure 16: Distribution of basic Bangor facies at five most
complete measured sections. Scale represents relative 
volume percent of a facies between sections.
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Figure 17. Diagrammatic Carboniferous paleogeographic map showing 
distribution of generalized depositional environments at an 
instant in geologic time.
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may have been subaerially exposed during most of Bangor time.
The fact that structural growth occurred during deposition in 
Paleozoic sediments in the Appalachians has been alluded to by 
Cooper (1965), Carrington, et al (1965), Thomas (1967 and 1968),
Thomas and Joiner (1965), Gray (1965), Krynine (1942), Metzger 
(1965) and Emerson (1967). The shale facies in the sequence is 
probably due to terrigenous mud influx into the carbonate shelf 
area; caused by hinterland delta lobe switching, or hinterland uplift, 
or both.
SUMMARY AND CONCLUSIONS
The Bangor Limestone represents carbonate deposition in a 
clear-water, shallow, epeiric sea in a humid climate. The carbonates 
are, in part, time equivalent to, and progressively overridden by 
nearshore silts (Pennington Formation or Parkwood Formation); beach- 
barrier quartz sandstone (Lower Pottsville Formation); and back- 
barrier, fluvial or deltaic clays, silts, "dirty" sands and coals 
(Upper Pottsville Formation). And, as Ferm and Ehrlich (1967) and 
Thomas (1972) indicated, it appears that terrigenous source areas 
existed peripherally to the south and west. This study corroborates 
that terrigenous influx also came from the east and that a carbonate 
shelf existed in north Alabama during Carboniferous-Mississippian time. 
See the diagrammatic paleogeographic map - Figure 17. Note that 
terrigenous source areas were probably many hundreds-of-miles away 
from the carbonate shelf.
With the absence of criteria indicative of deep water sedimenta­
tion, it appears that most of the Bangor Formation was deposited in 
waters of depths similar to the site of Holocene sedimentation at 
the Great Bahama Bank, that is, in waters less then 60 feet deep.
Bangor carbonates can be grouped into four basic facies based on 
composition, sedimentary structures, diagenetic features and contained 
bioclasts. Facies in decreasing order of composite thickness from 
all the sections measured are: oosparite (530 feet), pelmicrite
(292 feet), shale (197 feet) and biomicrite (194 feet).
Deposition occurred in zones similar to Irwin's (1965); low-
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energy, open marine, X-zone; high-energy, bar or shoal, Y-zone; and 
low-energy restricted, Z-zone. Three subdivisions of the Z-zone were 
utilized for this study; a lagccnal, Z-l zone, an intertidal, Z-2 
zone, and supratidal, Z-3 zone.
Both paleoecological and physical criteria were used to identify 
Bangor environments of deposition. The two most important criteria 
used to make environmental inferences were the presence of birdseye 
structures, to indicate a supratidal (Z-3 zone) environment, and spar- 
cemented ooliths, to indicate a high-energy shoal (Y-zone) environment.
Microfacies unit-by-unit examination, at each of six measured 
sections, resulted in the definition of six and one half sedimentary 
cycles; each cycle consisting of a basal transgressive phase and an 
overlying regressive phase. This cyclicity within the Bangor was 
corroborated by a first order Markov Analysis. Transgressions and 
regressions were probably the results of the interplay between rate 
of sedimentation and rate of subsidence. The rate of subsidence 
was probably related to large-scale crustal adjustments. The influx 
of shale into the shelf area was probably related to distant delta- 
lobe switching and/or uplift.
The greater thickness of high-energy Y-zone rocks at the 
Dutton and Blount Springs sections, near the crest of the Sequatchie 
Anticline; and at the Huntsville section near the Nashville Dome, 
indicate those structures existed as bathymetric highs during most 
of the time the Bangor was being deposited.
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APPENDIX A
FIELD NOTES OF MEASURED SECTIONS AND 
DETAILS OF CYCLE I AT HUNTSVILLE SECTION
Field notes describing the Bangor Limestone to the base
of the Lower Pottsville Formation for the five measured sections and 
the core-hole are included. Descriptions of all sections start at 
the base of the Lower Pottsville Formation and progress downward 
to the base of the Bangor Limestone. Dunham's (1962) Field Classifi­
cation of Carbonate Rocks is used.
Location: On road to Burritt Museum about 600 feet from the Museum, in
SE/4 Section 5, T.4S., R.I.E.
HUNTSVILLE
Ft. Lower Pottsville








Clays and thin bedded silty sandstone .
Lignite
Clay





2.4 Packstone, bioclastic, rudaceous, middle part 
is grainstone.
3.0 Covered
7.4 Packstone, light gray, oolitic, fossiliferous, 
few large gastropods, bedding less than one foot 
thick•
35.5 Covered
1.4 Mudstone (dolomite), weathered, light tan, 
mudcracked and/or rooted.
1.85 Clay, calcareous, weathered, mostly concealed.
1.0 Wackestone (dolomite), rooted and birdseye structures.
2.9 Covered
0.6 Mudstone (dolomite), rooted.
0.6 Covered
0.65 Mudstone (dolomite), dark blue-gray, conchoidal
fracture with Irregular purplish areas.
1.5 Mudstone (dolomite), light tan, shot through with 
"nail hole burrows." Some birdseye structures.
3.2 Concealed
3.2 Caliche (dolomite), light blue-gray, lenticular, 
forms ledge.
0.9 Shale, weathered, mostly covered.
0.8 Mudstone (dolomite), dark blue-gray, burrowed.
10.8 Covered
0.5 Mudstone (dolomite), light blue-gray, impure,
with birdseye structures.
2.3 Mudstone (dolomite), with irregular concretions, 
middle and upper part contains shaley areas and 
does not have concretions.
1.5 Covered
0.5 Mudstone, highly weathered, Impure, flaggy.
1.0 Mudstone (dolomitic), dark gray.
0.95 Mudstone (dolomite), dark gray.
6.2 Shale, dark gray, flssle to thinly laminated
with few limey beds. Mostly covered,shale is 
not calcareous.
0.5 Mudstone (dolomite), rooted.
1.1 Shale
0.3 Mudstone, quartz— silty, dolomitic, rooted or
mudcracked.
1.6 Shale, greenish gray to tan and shaley mudstone 
(dolomite).
0.35 Mudstone, impure and dolomitic.
2.0 Shale and thin bedded mudstone (dolomite).
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1.1 Mudstone (dolomite), brechia, impure-siliceous,
many small siliceous geodes. Subaerial crusts-
1.5 Mudstone (dolomite), impure, with scattered
birdseye structures, thin bedded.
2.7 Shale, very thinly laminated with thin mudstone 
(dolomite) beds throughout.
2.3 Packstone (dolomite), intraclastic (rip-up 
clasts) conchoidal fracture, with geodes.
1.45 Mudstone (dolomite) with conchoidal fracture.
0.4 Concealed
0.6 Mudstone (dolomite) with small chert nodules.
1.5 Mudstone (dolomite), blue-gray, with chert
nodules along upper surface .
0.4 Mudstone (dolomite), irregularly laminated, and
"nail hole burrows."
1.4 Mudstone as above with irregular chert nodules
in middle .
0.95 Mudstone (dolomite), blue-gray, algal laminated
with birdseye structures. Top part not laminated.
1.4 Mudstone (dolomite), bluegray, burrowed. Few
small aggregates of calcite crystals.
1.5 Concealed
0.4 Mudstone (dolomite), dark gray, flaggy, faintly
laminated, possibly slumped .
34.8 Concealed
0.6 Mudstone (dolomite) .
8.0 Concealed
Bangor
3.55 Packstone, light gray, bioclastlc, lower 2.05'
is oolitic grainstone .
1.7 Packstone, light gray, oolitic and fossillferous .
0.8 Grainstone, light gray, oolitic .
2.35 Packstone, blue-gray, oolitic.
6.0 Packstone, blue-gray, oolitic, lower part
bioclastlc (pelmatozoan debris).
2.65 Grainstone, light gray, oolitic and bioclastlc.
1.6 Grainstone, light gray, oolitic.
2.9 Grainstone, light gray, bioclastlc and oolitic,
weathered .
1.2 Packstone, bioclastlc, blastolds, few calyxes
and many small stems, slightly oolitic .
2.2 Grainstone, blue-gray, moderately oolitic, small
Pelmatozoan stems .
10.1 Clay, tan, weathered. Caliche nodules in clay.
1.7 Mudstone (dolomite). Upper 0.4* algal laminated .
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2.5 Mudstone (dolomite), algal laminated with
irregular chert nodule area which tends to form 
along horizontal zones .
1.8 Mudstone (dolomite), with thin algal laminae
best seen on weathered surface .
1.4 Mudstone (dolomite), dark gray, quartz-silty,
irregular bedding plane 0.6'from top. Upper 
0.6' with thin algal laminae.
0.6 Mudstone
4.6 Concealed
1.7 Mudstone (dolomite), with irregular tan stained
areas .
7.5 Mudstone (dolomite), with irregular tan stained
areas .
7.5 Mudstone (dolomite), light gray with very thin 
algal laminae. Chert fills small depressions in 
upper surface. Middle part is mudstone (dolomite), 
flaggy, lower part is wackestone with pelmatozoan 
debris.
1.5 Wackestone, with few large gastropods. Top of 
bed is exposed south of intersection of scout 
trail and Monte Sano road .
1.0 Packstone, bioclastlc and slightly oolitic.
9.5 Concealed, probably shale.
5.9 Wackestone to packstone, probably slumped one 
to two feet downhill.
2.0 Packstone or wackestone, dark blue-gray fossill- 
ferous (blastold stems and echinold spines), 
burrowed .
0.6 Wackestone, blue-gray, very clayey.
5.3 Grainstone, oolitic with faint cross-bedding.
1.0 Mudstone or wackestone (dolomite), light gray, 
two limestone beds with Irregular thin weathered 
shaley zones.
3.65 Wackestone, dark blue-gray, with irregular shaley
laminae and bioclastlc laminae. Upper part 
burrowed. This is first outcrop on Monte Sano 
Road at intersection with US 431 (northwest side 
of intersection).
The remaining section is the US 431 roadcut on 




Grainstone, oolitic with low angle cross-laminae.
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3.9 Grainstone, oolitic and bioclastlc, pelmatozoan
stems, prominent large scale cross-laminations .
1.9 Packstone, oolitic with very faint large scale,
low angle cross-laminations .
0.85 Packstone, lntraclastic .
6.45 Grainstone, oolitic and bioclastlc with large
scale, low angle cross-laminations.
4.1 Packstone, oolitic and bioclastlc with pelmatozoan
stems and echlnold spines.
1.6 Packstone, bioclastlc with abundant echlnold
spines and pelmatozoan stems. Lower 0.4' cross­
laminated (21° N42W).
1.4 Wackestone, dark blue-gray, burrowed, with
irregular marly areas .
3.0 Grainstone, oolitic, very bioclastlc with 
abundant pelmatozoan calyx plates and ossicles, 
with faint large scale,low angle,inclined laminae.
2.3 Grainstone, oolitic, bioclastlc, abundant 
pelmatozoan stems. Upper surface undulate.
1.0 Packstone or wackestone, oolitic, with numerous 
styolitlc planes .
0.25 Marl, soft and weathered.
1.9 Packstone and marly wackestone, Irregular thln- 
bedded, numerous large gastropods on upper surface .
1.4 Packstone or wackestone, oolitic .
1.1 Packstone, oolitic and bioclastlc with abundant 
pelmatozoan stems .
0.5 Wackestone, burrowed. Burrow fill coarser
material than county rock. Weathered face shows 
many small pelmatozoan stem fragments •
0.8 Wackestone, burrowed, few small brachiopods
4.5 Wackestone, light blue-gray with a horn coral 
and one blastoid calyx. Lower part Is wackestone
or mudstone, dark blue-gray, sparingly fossiliferous , 
with few thin bioclastlc laminae. (This bed Is 
H-76 at the base of a washout In the road cut 
on US 431).
1.5 Wackestone, bioclastlc with abundant ramose 
bryozoans, pelmatozoan stems, and massive 
bryozoan colonies.
0.1 Shale, very fossiliferous, with blastolds,
Archimedas "screws" and fronds and whole 
pelmatozoan stems.
0.35 Wackestone, broadly lenticular with shale laminae;
separated from lower bed by shaley wackestone with 
bryozoan fronds.
0.35 Wackestone, broadly lenticular.
5.75 Grainstone, oolitic with abundant pelmatozoan
ossicles, lower part is bioclastlc grainstone.
Contact with underlying bed Is styolitlc bedding 
plane.
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4.4 Packstone, bioclastlc, few horn corals, many 
pelmatozoan stems. Numerous small burrows into 
underlying wackestone. Large scale cross- 
laminations (14° S 10° W). Beds appear to be 
accreting eastward.
2.1 Wackestone or packstone, lntraclastic, burrowed.
1.5 Wackestone, bioclastlc. Pentremites (calyxes
and stems), horn corals, and small and large
gastropod' Highly lenticular, thin bedded, with 
horizontal, burrows and Irregular, thin, weathered 
marl bed at top.
2.7 Grainstone, oolitic, bioclastlc with numerous
Lampshell brachiopods. Large scale, low angle 
cross-laminae .
0.75 Grainstone, oolitic, sparingly fossiliferous
with fossiliferous zone near base. Gradational 
upper contact.
0.85 Mudstone (thin-section examination showed this
bed to be an lntrasparlte and pelsparlte), 
burrowed, irregular upper surface.
0.9 Wackestone, burrowed, grainier at base.
0.25 Shale, highly weathered.
1.0 Wackestone (dolomite), with faint horizontal 
laminae.
0.25 Shale, highly weathered.
6.65 Mudstone or wackestone (dolomite), burrowed
with Irregular horizontal beds of oolitic 
packstone or grainstone which form ledges on 
weathered face.
0.8 Wackestone, fossiliferous with numerous brachio­
pods, with Irregular shaley lenses and with 
burrows at top.
0.45 Shale and 0.15'limestone.
0.5 Wackestone or packstone with Irregular shaley
areas, burrowed .
0.45 Mudstone, very shaley.
2.5 Mudstone, mudcracked, rooted and burrowed, shaley>
Lower part mudstone. What appears to be a filled- 
in pot hole occurs in the upper part of this bed .
0.35 Mudstone
0.25 Mudstone or wackestone, very shaley and lenticular.
1.2 Mudstone, burrows very numerous in upper half.
1.3 Mudstone, shaley, very lenticular in upper part.
Upper surface undulate. Numerous "nail hole 
burrows" (about 1/8" cylindrical well defined 
burrows), lower part not shaley.
0.5 Wackestone, lntraclastic, lower 0.15' ia shaley.
8.1 Packstone, bioclastlc with faint, large scale, 




2.3 Grainstone, bioclastlc mostly very small
pelmatozoan ossicles .
0.8 Packstone, blue- gray with faint horizontal -
laminae .
0.25 Clay, gray to tan, weathered with irregular
hard calcareous areas and numerous bryozoan 
frond impressions .
1.3 Packstone. Three beds separated by very thin
lenticular clay beds. Abundant pelmatozoan 
stems and Arch imedes "screws"and fronds .
0.7 Packstone, rudaceous, bioclastic with numerous
black grains .
0.9 Packstone, bioclastic .
0.8 Packstone
0.65 Packstone, blue-gray, oolitic, rudaceous.
0.7 Packstone, blue-gray oolitic, lenticular with
large scale,low angle,inclined laminae .
1.8 Packstone, rudaceous and irregular wackestone
beds, abundant pelmatozoan stems.
1.8 Packstone or wackestone, blue-gray, rudaceous. 
Crumbly, fossiliferous, dark gray wackestone in 
middle. Abundant ramose bryozoan colonies .
0.4 Packstone, blue-gray, bioclastlc, poorly laminated
2.2 Packstone, blue-gray, burrowed, and irregular
interbeds of packstone and wackestone, all 
bioclastic .
3.6 Packstone, blue-gray, bioclastic with abundant
pelmatozoan stems. Upper surface very fossili­
ferous .
0.45 Packstone, dark blue-gray, bioclastic; bloclasts
more numerous in upper part and abundant pel­
matozoan stems on upper surface .
1.0 Grainstone, blue-gray, with large scale,low
angle cross-laminae .
0.35 Grainstone, blue-gray, burrowed.
0.8 Grainstone, blue-gray, very bioclastic, large
scale, low angle cross-laminae (7° due east) .
1.5 Packstone, bioclastic with marl interbeds.
Abundant pelmatozoan stems, burrowed.
1.5 Wackestone (dolomite) with Irregular light blue
and dark blue areas .
0.3 Shale and flaggy wackestone ,
2.8 Wackestone (dolomite), blue-gray and light 
blue-gray, burrowed, marly and rudaceous •
0.35 Clay, light gray to light brown.
1.3 Wackestone or mudstone, blue-gray, rudaceous, 
irregularly bedded, bioclastic, few fenestrate 
bryozoans .
0.25 Shale
0.85 Mudstone, light tan, marly, with irregular
hard areas ■
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1.4 Packstone, cherty, bioclastlc, rudaceous.
2.0 Packstone, blue-gray with many brachlopods 
and fenestrate bryozoans. Interbedded with 
shale.
3.7 Grainstone, dark blue-gray, oolitic, bioclastlc.
Blastold debris abundant. Few geolds 1-2" in 
diameter.
1.0 Grainstone, dark blue-gray, oolitic with large 
scale,low angle cross-laminae .
0.2 Packstone, oolitic with few brachlopods.
0.4 Mudstone (probably intrasparite).
0.25 Highly weathered zone, possibly cherty.
0.3 Mudstone (thln-sectlon: intrasparite).
0.2 Weathered, sand-size cherty zone.
0.3 Wackestone and mudstone (dolomite), burrowed and
with some plant fossils .
0.1 Shale, brown to gray, laminated .
0.4 Mudstone (intramlcrudite with quartz-slit),
light gray with irregular dark blue-gray areas. 
Lower half inch very thinly laminated (algal 
laminae) .
1.1 Mudstone, dolomitized (Intramlcrudite) with thin
algal laminae and birdseye structures. Lower 
0.1' is packstone, oolitic and lntraclastic.
1.1 Packstone, bioclastic, lower 0.3' burrowed 
packstone or mudstone .
0.2 Clay, gray and brown, thinly laminated.
0.35 Mudstone or packstone.
1.4 Mudstone (pelmicrite), burrowed. Burrows filled 
with packstone .
0.5 Mudstone (dolomite) .
0.5 Mudstone, burrowed.
2.4 Packstone, burrowed, Irregular dolomitized areas. 
Hydrocarbon odor when struck.
0.7 Mudstone and shale, very thin bedded.
1.4 Mudstone, blue^gray, very thinly laminated 
(algal), conchoidal fracture with few 
irregular bioclastic areas .
2.3 Packstone, wackestone and mudstone • Mudstone
occurs as Irregular burrowed beds within packstone 
or wackestone .
0.6 Packstone, dark blue-gray, burrowed .
0.1 Shale, very irregular and discontinuous.
0.6 Packstone (Intramicrite), dark blue-gray,
thickens to one foot along outcrop .
4.55 Grainstone, blue-gray, bioclastlc and oolitic.
Coral clusters on upper surface. Abundant 
pelmatozoan stems and scattered horn corals.
Large scale, low angle cross-laminations.
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The remaining Bangor section has been designated as Cycle I 
and ia depicted in columnar section on Figure 14. Thin-section 
descriptions of Cycle 1 are entered on Table 3, and the source of 
thin-sections are noted below in parentheses following field 
descriptions of each bed or unit.
4.4 Mudstone (pelmicrite and biopelmlcrite), light
blue-gray, upper part dolomite with birdseye 
structures. One large area appears to be a 
filled solution cavity. (H-17-3, 2, 1).
1.5 Mudstone (dolomite), possibly burrowed. Abundant
fossils in thin zones (H-16-F-1, F)
0.45 Mudstone, dark blue-gray.
0.15 Shale, weathered.
0.5 Mudstone (biopelmicrite), dark blue-gray, highly
burrowed (H-16C).
0.6 Mudstone or wackestone (dolomite), dark blue-gray
with algal laminae. (H-16-B).
0.5 Mudstone, (dolomite) dark blue-gray.
0.5 Mudstone (blomicrlte dolomite), blue-gray (H-16).
9.25 Grainstone, light blue-gray, oolitic and bio­
clastic. Appears to be wackestone at top.
Large scale, low angle cross-laminations. (H-15C,
B, A).
5.0 Grainstone, light gray, oolitic. (H-14C, B).
2.0 Wackestone, gradational with bed above. (H-14).
5.0 Grainstone, blue-gray, oolitic, moderately 
bioclastic, with numerous styolites. (H-13).
1.3 Wackestone, blue-gray, fossiliferous, mostly
concea led.
0.2 Packstone, very bioclastic with abundant pelmatozoan
stems. Irregular thickness (H-ll).
3.0 Clay, light tan to light gray, calcareous, 
irregular laminae, highly weathered.
2.8 Grainstone, blue-gray, oolitic, lower half intra-
c las tic and bioclastic (H-9A, H-9) .
1.5 Wackestone or packstone, light tan to gray, very 
fossiliferous with abundant pelmatozoan stems 
and Archimedes. sp.
0.25 Clay, highly weathered.
0.75 Packstone, light blue-gray, abundant pelmatozoan
stems. Bed is partly concealed: full thickness 
not exposed. This is the base of the Bangor 
Limestone (H-8).
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The Hartsell Sandstone consisting of shale, orthoquartzite 
and some limestone is exposed below the Bangor, and it is easily 
located due to the exceptionally well developed, large scale cross­
laminations in the calcareous orthoquartzite.
TABLE 3
Description of thin-sections cut from samples from Cycle I 
of the Bangor Limestone as found at the Huntsville measured section:
TOP OF CYCLE I
H-17-3: Dolomitized, spicule, calclsphere, pelmlcrite
dolomite with abundant sparry-calcite-filled 
fractures and birdseye vugs.
H-17-2: (Same as H-17-1) .
H-17-1: Slightly dolomitic, ostracod, spicule biopel-
micrite, probably burrowed. Random orientation 
of spicules and ostracod valves.
H-16 F-l: Cross-section of rugose coral, one half inch
in diameter.
H-16 F: Dolomitized, pelmatozoan, fossiliferous mlcrite
dolomite with few ostracods and calcareous spicules 
possibly burrowed.
H-16 C: Highly burrowed, dolomitic, oolitic, lntraclastic
biopelmicrite with forams, pelmatozoan fragments, 
calcispheres and ostracod valves. Parts are 
sparry. Most of the burrow fill is sparite with 
pseudo-ooliths, ooliths, rounded intraclasts, 
pellets and pelmatozoan fragments. Some allochems 
are over one millimeter long.
H-16 B: Poorly defined, very thin laminae, dolomitized,
sparse biomlcrlte dolomite with bryozoana, 
calcispheres, forams and calcareous spicules.
Some irregular, thick laminae with coarse pel­
matozoan fragments, Intraclasts, thin ostracod 
valves and bryozoana.
H-16: Very thin, irregular, Inclined laminae of dolomi­
tized pelletal biomicrite dolomite with calclsphere 
ostracods, pelmatozoans, bryozoans, and long thin 
valves with prismatic shell structure. Slab shows 
burrows.
H-15 C: Poorly washed, styolitlc, slightly dolomitic, 











Fine to very coarse,intraclastic, pelmatozoan, 
raollu8k oosparite.
Medium to very coarse, fossiliferous, oolitic 
intrasparite.
Fine to coarse, fossiliferous, oolitic 
intrasparite.
Very fine, packed, very sparry, slightly 
dolomitic, spicule pelmicrite.
Slightly dolomitic, intraclastic, bryozoan, 
pelmatozoan oosparite.
Fine to coarse, packed, pelmatozoan, bryozoan 
biomicr ite.
Coarse oosparite.
Medium to coarse, oolitic, pelmatozoan, bryozoan 
intraspar ite.
Packed, fossiliferous oomicrite.
BASE OF CYCLE I
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CULLMAN
Location: Roadcut in Interstate 65, two miles south of intersection
with U. S. 31. Intersection is near the northeast corner of T.9S,
R.4W., Cullman County, Alabama, about nine miles north of Cullman.
Ft. Lower Pottsville Formation
Sandstone
Pennington Formation
14.0 Shale with few thin, silty sandstone beds.
3.0 Dolomite, algal laminated.
13.0 Dolomite, thin-bedded, with chert nodules and 
abundant bryozoan fronds, mainly in lower part.
Upper bed burrowed with possible algal laminae.
5.0 Dolomite, buff to light gray with conchodial 
fracture, few bioclasts, medium-to thick-bedded 
(3-4 beds). Upper bed is wackestone with bioclasts.
18.3 Grainstone or packstone (oomicrite, upper part),
medium to coarse grained, bioclastic but lacks 
large bioclasts. Good low-angle, inclined laminae
(dips 12° S.65°W.). Some ooliths in upper part.
Top bed contains massive bryozoan colonies. Thin- 
to thick-bedded and very lenticular.
14.7 Packstone, fine to medium, beds from 0.8 to 1.2
feet thick. Some thinner beds toward top and few 
thin shale interbeds (0.2 feet to partings).
15.0 Shale, dark gray with siderite nodules, some shale
stained reddish, not fossiliferous. Section to 
follow from top of roadcut to north, on west side of 
Interstate 65.
5.4 Grainstone, oolitic and bioclastic. Beds 0.6 to
0.8 foot thick.
1.2 Grainstone, oolitic, bioclastic (oosparite), upper
0.2 foot is wackestone.
11.0 Shale, greenish with few maroon layers.
4.1 Dolomite, massive, conchoidal fracture with small 
chert nodules. Upper part contains good algal 
laminae. Top of bed very irregular and highly 
weathered surface.
3.3 . Packstone (intramlcrudite), bioclastic. Upper part
is flaggy wackestone with "nail hole" burrows and 
dolomite (biopelmicrite) with irregular maroon shale 




















Shale, maroon and green, weathered, with few 
irregular thin lenses of bioclastic dolomite 
(intramicrite and intrasparite) at top.
Dolomite (pelmicrite dolomite) with irregular, 
horizontal, calcareous laminae possibly caliche. 
Dolomite, thick nondescript at base and thin with 
good birdseye structures at top.
Dolomite (pelmicrite) with birdseye and root 
structures, very irregular, brechiated weathered 
zone. With a shaly zone containing nodular caliche, 
probably Holocene caliche.
Dolomite (intrasparite), like underlying bed 
but lower part with some impure dolomite with 
conchoidal fracture, and buff color. Has 
irregular upper surface.
Dolomite, like underlying bed but without chert 
nodules, algal laminae or shale interbeds.
Dolomite, relatively nondescript, hard with 
reddish tint. Probably siliceous with large 
elongate chert nodules, some good algal laminae 
and few shaly interbeds 0.2 to 0.3 foot thick. 
Wackestone, hard, siliceous with "nail hole" 
burrows and few chert nodules.
Like two underlying units. Includes dolomite 
with conchoidal fracture, wackestone (pelsparite) 
with "nail hole" burrows and dolomite with 
birdseye structures and algal laminae. Next outcrop 
to north on U.S. 31.
Wackestone (dolomitized biomicrite and oomicrite), 
bioclastic, part with algal laminae.
Mudstone (biopelmicrite) with few poorly defined 
layers of coarse bioclas tics.
Packstone (bio^parite), fine-medium, oolitic and 
intraclastic at base, grades up to very fine 
packstone then wackestone (biopelmicrite and bio- 
pelsparite) at top with some coarse bioclasts 
(Pentremite8 sp., one horn coral and few brachlopods.) 
Dolomite (dolomitic biopelmicrite) with Archimedes 
sp. fronds and few bloc lasts, with algal laminae in 
lower part. Upper part appears to be cut out by 
overlying bed.
(Two beds) Packstone or wackestone (biomicrite), 
burrowed, with very fine to coarse bloclasts, blastoid 
calyx and ossicles and non-fenestrate bryozoans. 
Concealed
Packstone, fine to medium, bioclastic.
Wackestone (biomicrite).
Packstone (biomicrite), fine to medium, with coarse 
bloclasts (Pentremltes sp.), large gastropod, 
clusters of horn corals lying horizontal.
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Bangor Limestone
2.0 Grainstone, oolite (oosparite and biosparite).
6.5 Packstone (biopelmicrite and biomicrite),
bioclastic, coarse. Packstone, fine, bioclastic 
and wackestone with bryozoan fronds, all thin 
bedded with few 0.2 foot fossiliferous shale 
near base.
15.9 Grainstone, oolite, very bioclastic, parts
exhibiting good inclined laminae. Ooliths are 
medium to coarse grained.
1.0 Packstone (biosparrudite), bioclastic, coarse sand- 
size to small pebble-size dolomite clasts.
Irregular basal contact with some burrows into 
lower bed. Contains non-fenestrate bryozoan 
colony. Upper part grades into overlying bed.
0.5 Wackestone, burrowed, possibly algal laminated.
Irregular upper surface.
0.3 Shaly zone
1.4 Dolomite (pelmicrite dolomite) with algal laminae,
lower part probably rooted.
1.4 Dolomite (dolomitic biomicrite), brachiopod 
biostrome. Bed caps bench in roadcut.
1.5 Shale
2.0 Dolomite, impure, blue-gray.
3.5 Shale, dark blue-gray, fissile.
1.8 Nodular limestone (limonitic, dolomitized pelmicrite)
and shale,highly weathered, grades into overlying 
s ha le.
3.4 Dolomite, massive, nondescript, conchoidal fracture.
3.5 Nodular units. Shale and dolomite (biopelmicrite) 
nodules. Some bedding apparent.
0.8 Dolomite, impure, with birdseye structures.
1.3 Dolomite (pelmicrite dolomite), impure. Weathered 
face indicates good algal laminae.
0.6 Dolomite, nondescript, conchoidal fracture,
argilaceous at base.
0.2 Shale, hard
1.0 Dolomite (pelmicrite dolomite), relatively nondescript, 
conchoidal fracture, few small brachlopods.
0.4 Packstone or grainstone (biomicrite and oosparite),
oolitic, bioclastic.
3.1 Wackestone, bioclastic, Pentremites sp. and ossicles, 
small brachlopods, "nail hole" burrows, Archimedes 
fronds. Highly burrowed.
1.4 Wackestone or mudstone (biopelmicrite dolomite),
"nail hole" burrowed, argilaceous at base. Two 
limestone beds at base and upper 0.3 foot, shale
and nodular limestone. Parts are packstone (oomlcrlte), 
oolitic. Thickens to 1.8 feet north along outcrop and 
develops into grainstone (oolitic) oolite.
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2.4 Wackestone and mudstone (biopelmicrite dolomite), 
burrowed with abundant Archimedes. some intact. 
Some packstone areas. Some horn coral debris.
1.4 Packstone (biomicrite dolomite), fine grained, and 
wackestone in small lenses. This is the last bed 
described at the Cullman section. Approximately 
57 feet of the upper Bangor is exposed along the 
west side of Interstate 65 and U.S. 31.
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SWAIM
Location: Roadcut on Alabama Highway 146, about 1.5 miles southeast of Its
junction with Alabama Highway 85, in Jackson County, Alabama (T.25., R.4E).
Ft. Lower Pottsville Formation
Sandstone, (litharenite) fine, massive and thir bedded, 
with some coal.
Parkwood Formation (?)
5.5 Shale, blue-gray, micaceous, with slderlte (impure) 
nodules. Some plant fossils in upper part. Erosional 
contact with overlying Lower Pottsville Formation.
Pennington Formation
2.8 Grainstone or packstone, oolitic with bioclastic 
beds. Parts very poorly washed with whole 
Archimedes.
2.0 Packstone, bioclastic, thin bedded and lenticular, 
and blue-gray, very fossiliferous shale. Upper 
surface of packstone contains abundant Archimedes 
"screws" of varying sizes.
2.4 Grainstone, oolitic with large scale,low angle cross-
laminae.
3.1 Shale, greenish blue-gray, fossiliferous with brachlo­
pods and fenestrate bryozoans.
5 4 Grainstone, oolitic and bioclastic, lenticular.
Parts contain abundant rounded clasts. Some large 
weathered slabs within oolite. Ooliths tend to 
coarsen upward. Lenses probably trend N - S.
2.0 Grainstone, oolitic and bioclastlc, lenticular.
Mainly bioclastlc at top.
4.6 Packstone, bioclastic and lenticular, Interbedded 
with fossiliferous green shale with numerous small 
brachlopods.
1.3 Packstone, bioclastic, burrowed. Burrows filled with 
clayey material.
2.4 Shale, green, fossiliferous (leached), and burrowed, 
bioclastic packstone lense. Packstone replaces 
shale to east (uphill).
4.4 Packstone and grainstone, thin bedded, lenticular,
with green shale Interbeds (about 0.1' thick).
Upper two beds oolitic.
9.8 Packstone or grainstone, bioclastlc. Alternating
thin beds of relatively coarse layers and thinly
laminated fine zones. Upper part Interbedded with 
grainstone, oolitic and lenticular.
83
12.0 Shale, reddish gray with scattered Irregular
wackestone (pelmicrite dolomite) nodules.
Lower two feet indurated.
2.4 Mudstone (dolomite) and shale.
1.7 Wackestone (dolomiteX argilaceous, with birdseye
structures.
3.0 Shale, greenish blue-gray, fissile, grades up to 
poorly indurated mudstone.
1.7 Mudstone (dolomite), bottom part weakly indurated.
0.8 Shale, weathered.
1.9 Mudstone (pelmicrite dolomite) with conchoidal
fracture.
1.1 Shale, tan to brown, weathered.
1.8 Mudstone (dolomiteX upper 0.4' very clayey.
7.8 Shale, blue gray, hard, calcareous, with indurated 
section of impure wackestone (dolomite) two feet 
thick.
9.0 Concealed, probably shale.
0.9 Grainstone, oolitic.
2.5 Packstone, coarse, bioclastic, burrowed, irregularly 
bedded.
2.8 Concealed, probably shale.
6.85 Grainstone, oolitic.
16.6 Grainstone, oolitic, some very bioclastic.
5.2 Packstone, coarse to fine, bioclastic, mainly 
pelmatozoan stems, alternating fine and coarse 
grained laminae.
2.1 Packstone with birdseye structures.
2.1 Packstone, coarse to medium, bioclastic, faintly 
laminated, thin,lenticular. Upper part becomes 
grainstone but top bed is dirty.
1.8 Wackestone (dolomite), some packstone. Faint laminae 
seen on weathered face.
2.2 Packstone, lenticular, bioclastlc, with numerous 
irregular but laterally continuous marly zones. 
Coarser bloclasts include Archimedes "screws," 
blastoids (Calyxes and stems), brachlopods, and 
rugose corals.
1.2 Packstone or grainstone, oolitic, bioclastic 
rudaceous, lent icular.
1.0 Grainstone, oolitic.
4.6 Packstone, upper part has prominent bioclastlc 
laminae. Few Irregular but laterally continuous 
marl partings and zones.
1.4 Grainstone, three 1-2" massive bryozoan colonies
a few Inches above base of bed.
2.7 Grainstone, bioclastic, with abundant amall 
pelmatozoan stems. Thin bedded. Some faint large 
scale, low angle cross-laminae.
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5.9 Packstone, rudaceous, very fossiliferous with
brachiopods and gastropods et al. Burrowed and 
very irregularly bedded with weathered-out 
marly areas.
33.0 Concealed, probably shale.
20.5 Mudstone (pelmicrite dolomite), impure at top.
Middle and lower part wackestone, burrowed and 
algal laminated, parts with chert nodules.
93.5 Concealed
Bangor Limestone
(Upper 45' of this section may be part of the 
Pennington Formation.)
3.5 Mudstone (dolomite), impure, burrowed, with some 
algal laminae. Beds 0.4 to 0.8' thick
3.3 Shale, maroon, with thin impure mudstone
(pelmicrite dolomite) beds.
2.6 Mudstone (pelmicrite dolomite).
3.7 Shale, mostly concealed .
4.5 Mudstone with conchoidal fracture,interbedded 
with shale.
1.0 Shale
3.0 Mudstone and shale.
7.0 Shale and thin bedded mudstone. Numerous fine
carbonaceous flakes in shale. Upper part with 
small irregular green areas.
3.2 Mudstone (dolomite), flaggy, blue-gray but weathers 
to tan, bioclastic, lntraclastic and siliceous, 
with chalcedonic interbeds.
13.0 Shale, blue-gray to greenish brown. Rare small 
carbonaceous flakes and very small shell fossils.
1.5 Mudstone (pelmicrite dolomite), blue-gray weathers 
tan, burrowed
1.0 Wackestone (oomicrite dolomite). Archimedes "screw" 
weathered out on face of exposure.
2.7 Wackestone (pelmicrite dolomite), burrowed. Few 
large solitary horn corals. Slightly petroliferous .
0.4 Packstone (dolomite), burrowed.
1.8 Wackestone, with "nail hole burrows" .
1.3 Packstone or wackstone, bioclastic, with "nail hole 
burrows" Petroliferous.
3.4 Wackestone with abundant "nail hole burrows" and 
rugose corals.
2.8 Packstone, oolitic and bioclastlc, burrowed.
0.5 Packstone, bioclastlc, "nail hole burrows".
0.35 Grainstone, oolitic, thickens uphill (southeast)
at expense of underlying packstone.
1.1 Packstone, bioclastlc, grades upward to oolite.
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1.4 Packstone with abundant "nail hole burrows."
3.8 Packstone, bioclastic. Appears to be finer up.
Upper part full of burrows.
2.7 Packstone, fines upward.
1.65 Grainstone, bioclastic and oolitic.
4.0 Grainstone, oolitic, bioclastic, finer and 
dirtier upward.
1.8 Packstone, bioclastic, lenticular.
0.6 Packstone, bioclastic, burrowed.
1.1 Packstone, bioclastic, lower part dirty.
1.6 Packstone
3.5 Grainstone, good oolite. Appears to be coarser 
upward.
31.0 Concealed
0.4 Mudstone (dolomite) with very thin laminae (algal).
4.0 Packstone, highly nodular, burrowed, and very 
irregular fossiliferous clay.
1.4 Mudstone (dolomite), algal laminated, with 
excellent birdseye structures.
1.8 Mudstone, shaley, burrowed.
0.1 Shale
0.5 Mudstone, nodular, burrowed.
2.5 Shale, gray, hackly.
9.2 Packstone, fine grained. Upper part very siliceous
with thin chert inter laminae. Middle is very thin
bedded with well developed algal laminae. Lower 
part is lntraclastic and bioclastic dolomite with 
good desiccation clasts and birdseye structures. 
Individual beds about 0.5' thick.
5.4 Mudstone (pelmicrite dolomite), thin bedded (flaggy),
siliceous.
1.0 Mudstone (dolomite), lenticular, conchoidal fracture
3.0 Shale, blue-gray, parts with impure lenticular 
mudstone (pelmicrite dolomite) zones.
0.4 Mudstone (pelmicrite dolomite, burrowed or rooted.
1.3 Mudstone (pelmicrite dolomite), blue-gray,conchoidal
fracture.
1.3 Shale, brownish green.
7.0 Mudstone (pelmicrite dolomite), upper half with well 
developed algal laminae. One area of upper part 
with good burrows.
1.0 Mudstone (pelmicrite dolomite),petroliferous. 
Irregular bioclastic laminae at base.
3.0 Wackestone, "nail hole burrows" at top. Lower 
part is burrowed,lntraclastic packstone.
2.1 Packstone, burrowed with thin,burrowed, wackestone 
(intramicrite) interbeds.
2.6 Mudstone or Wackestone (pelmicrite dolomite),
"nail hole burrows", bioclastic.
1.8 Packstone, bioclastic, interbedded with wackestone 
near base.
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1.0 Wackestone, "nail hole burrowed," possibly 




1.5 Packstone or grainstone, oolitic.
18.3 Concealed, probably shale.
2.5 Mudstone (poorly washed pelsparlte), "nail hole 
burrowed," some root tubes, few irregular, 
bioclastic laminae and few shaley beds.
0.75 Wackestone (dolomite), "nail hole burrowed" with
rounded intraclasts up to 0.2 foot in diameter. 
Intraclasts are packstones with an orange stain 
which cause them to stand out against the light 
blue-gray wackestone background.
4.0 Packstone and wackestone, bioclastic, probably 
highly burrowed. Upper part laminated with 
"nail hole burrows!' This bed fills in solution 
cavities in underlying bed and the contact is 
estimated to be the base of the Bangor Limestone.
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SKYLINE
Location: Roadcut on Alabama Highway 79, about 4.8 miles north
of its junction with U.S. 72 in Jackson County, Alabama, (T.3S., R.5E.)
Ft. Lower Pottsville Formation
Sandstone, thin-to medium-bedded, with accretion 
and festoon cross-beddirig.
Pennington Formation
5.5 Shale, green, hard, no apparent fossils. Upper part 
weathered.
6.0 Packstone or wackestone (dolomite), with chert 
nodules, burrowed, lower part with thick laminae.
2.1 Packstone or wackestone (dolomite), with algal 
laminae.
5.5 Shale, green, fossiliferous, with bryozoan frond 
impressions, with few thin, leached, fossiliferous 
limestone beds.
3.5 Sandstone (sublitharenite), fine, clean, with well 
developed ripple marks. Middle part badly 
weathered, was probably calcareous.
3.4 Shale, and thin sandstone and siltstone lenses, 
ripple marked, and trace fossils.
6.5 Sandstone (sublitharenite), fine, iron stained, 
clayey matrix, some clay pebbles. High angle 
cross-laminae.
11.4 Shale, greenish gray, blocky, fossils very rare.
Middle part with 0.3' bioclastic packstone.
Lower part blue-green, fossiliferous sh'.»le.
12.8 Grainstone, oolitic, becomes more bioclastic
downward, and lower part is packstone.
8.4 Shale, fossiliferous, weathered, with tt in 
oolitic and bioclastic packstones. Surfaces of 
packstones are very fossiliferous, with brachlopods 
and bryozoan fronds and Archimedes "screws".
5.7 Grainstone at top, oolitic, lower part is
bioclastic packstone, thin-bedded (0.3* - 1.0’).
140.5 Concealed.
Bangor Limestone
3.5 Mudstone (dolomite), upper part with algal laminae.
5.5 Grainstone, oolitic, lower part concealed.
4.0 Mudstone (dolomite), with faint, irregular, algal laminae.
28.5 Mudstone (dolomite), conchoidal fracture, some
burrowing, some algal laminae, few maroon shale 
Interbeds.
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2.6 Shale, maroon and blue-gray,with few, thin. Irregular 
mudstones.
8.8 Mudstone (dolomite), good algal laminae and chert
nodules. Chert more abundant downward. Some
dolomite with desiccation clasts and bioclasts over 
algal laminae.
16.0 Shale, blue-gray,and mudstone or impure dolomite.
6.8 Mudstone (dolomite), nondescript, very thinly
laminated, thin-bedded, conchoidal fracture, with 
chert nodules.
17.5 Mudstone (dolomite} nondescript, shale, and impure
dolomite with conchoidal fracture. Upper few feet 
is slightly cherty and grades upward to overlying 
cherty sequence. Shale is hard and hackly, with no 
apparent fossils.
8.0 Mudstone (dolomite), nondescript, interbedded with 
shale with abundant carbonitized plant fossils.
Upper dolomite bed is algal laminated.
13.4 Shale, flssle, highly fossiliferous. Impure
dolomite pod at soil zone at top of road cut.
2.5 Grainstone, oolitic and bioclastic.
4.9 Grainstone, oolitic, with large scale,low angle
inclined-laminae.
4.0 Wackestone (dolomite), bioclastlc, with "nail
hole burrows." Upper 0.5' is bioclastic packstone.
3.7 Grainstone, oolitic, upper part probably intraclastic.
0.4 Packstone, bioclastic, burrowed.
5.1 Mudstone (dolomite) or wackestone. Upper one foot is
burrowed from above. Few large blastolds.
2.4 Packstone, bioclastic.
2.0 Mudstone or wackestone, angular clasts of light gray
dolomite in upper part. Irregular lower part looks 
like solution brechla. Petroleum odor.
0.3 Mudstone (dolomite), tan, irregular development.
3.1 Packstone or wackestone, massive.
1.2 Mudstone (dolomite), nodular, and clay.
6.5 Mudstone, very nodular.
0.2 Conquina, Irregular thickness (storm beach).
0.7 Mudstone (dolomite), bioclastlc, with algal laminae.
With horn coral. Archlmedea. and spirlfers.
4.0 Mudstone (dolomite), impure with algal laminae at
top. Lower part nondescript dolomite with conchoidal 
fracture.
2.0 Shale, fissle.
5.2 Mudstone (dolomite), impure, with birdseye structures.
Massive at base and thin-bedded upward.
9.4 Shale, blue-gray, weathers to greenish tan.
4.4 Packstone or wackestone, two beds. Upper bed with 
scattered brachlopods and with some gastropods near 
upper surface.
2.4 Grainstone, oolitic, becomes oolitic and lntraclastic 




Location: Approximately one mile northwest of Hayden on the
Hayden-Blount Springs Road, T.13S., R.2 W., Blount County, Alabama.
Ft. Lower Pottsville Formation
Sandstone (litharenite), orange, fine to medium 
grained, dirty, massive-to medium-to thln-bedded, 
and lenticular.
Parkwood Formation
2.3 Shale, silty and sandy, and siltstone.
0.7 Sandstone, fine, dirty.
2.8 Shale, silty and sandy, and siltstone, micaceous,
highly weathered.
1.2 Sandstone, fine, dirty, laminated, micaceous,
thln-bedded and weathered.
10.8 Clay shale, highly weathered, red, orange and tan.
At this locality the next 232 feet is concealed and probably 
consists of Parkwood shale, siltstone and thin sandstone; however, 
this section has been pieced together with a section on the northwest 
flank of the Sequatchie Anticline. The location of the next 
measured section is as follows: On road northwest off of U.S. 31.
Junction with U.S. 31 is about one mile southwest of Blount Springs 
on U.S. 31). Section begins about 0.6 miles northwest of junction.
47.2 Concealed. Actually 65 feet concealed below
Pottsville sandstone, but 17.8 feet from previous 
section fitted in as described.
13.0 Grainstone or packstone (blosparrudite), bioclastic,
some fine Intraclasts. Upper part has petroliferous 
odor. Stress fractures present.
18.2 Grainstone, fine, good oolite in lower part. Mostly
packstone or grainstone, bioclastic and oolitic, one 
thin bed with abundant brachlopods.
7.0 Concealed. Possibly faulted.
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2.0 Mudstone or wackestone (peIsparite), burrowed, 
possibly rooted, with small birdseye structures 
and questionable mudcracks.
12.0 Grainstone (oosparite), with steep dip, and lower
three feet covered.
9.0 Grainstone (oosparite), fine, lenticular, oolitic
and bioclastic.
1.5 Packstone or wackestone (biosparite), fine to very
fine, with chert layer at base and at top. Packstone 
nature more obvious downdlp along outcrop.
11.5 Grainstone and packstone, oolitic, with some bioclasts,
thin-to medium-bedded, some beds very lntraclastic. 
Bioclastic beds are coarse grained.
8.0 Grainstone, oolite, fine to medium, with fine to 
very coarse bioclasts, some burrows and some non- 
fenestrate bryozoan colonies, but most bioclasts 
are pelmatozoan ossicles.
3.0 Grainstone (oosparite), medium to coarse, with large
clasts in middle part. Ooliths are fine grained at 
top.
1.5 Shale, weathered.
0.5 Dolomite (dismicrite dolomite) blue-green, impure,
conchoidal fracture.
2.0 Shale, weathered.
3.5 Packstone or grainstone (biosparite), probably 
lntraclastic, fine to medium grained. Lower 0.2 
to 0.3 foot is fine, with no fossils or ooliths.
Upper part is highly fossiliferous brachiopod 
biostrome, with scattered calm-water ooliths and 
oncoliths.
15.0 Cherty sequence. Wackestone or mudstone (pelmicrite), 
with birdseye structures, algal laminae, few 
fenestrate and non-fenestrate bryozoans, few brachio- 
pods. Thin beds with chert nodules. One packstone 
lense (biomicrudlte) with coarse bioclastlc laminae
at base. Pyrite clusters at base (now limonite).
Parts highly burrowed.
3.8 Shale, green, hard with some impure limestone
development, highly weathered.
3.5 Brechla, dolomitized mudstone (matrix: iron rich 
dolomite. Clasts: biopelmicrite), rooted, with 
birdseye structures.
3.0 Dolomite, algal laminated at base, birdseye structures
in upper part.
2.4 Wackestone, packstone and grainstone (oosparite), all 
with birdseye structures, some burrows, algal laminae, 
and root structures.
1.0 Packstone and grainstone (oosparite), oolitic, no
bloclasts apparent, flaggy. Small burrows or borings 
along outcrop. Top part is mudstone with possible 
birdseye structures.
1.5 Packstone (pseudo-oosparite) like underlying bed but
more allochems.
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1.3 Wackestone (pseudo-oomlcrite), fine, possibly 
oolitic, no bioclasts. Last of outcrop at this 
location: in roadside ditch about 40 yards from 
"Stop Ahead" sign.
The following section is back on the Hayden-Blount Springs
Road, the initial locality for the Blount Springs composite section.
60.3 Concealed. The lowest part of the 232 feet of
concealed section earlier noted at this locality.
9.0 Packstone or grainstone (biosparite and oosparrudite),
fine to coarse, bioclastic and oolitic.
2.0 Packstone (biosparite and biomicrite), fine to
medium, intraclastic, coarse bioclasts are rare.
Faintly laminated.
0.9 Packstone or wackestone, flaggy, with shale or
bioclastic marl. Highly weathered.
3.0 Packstone or grainstone (biomicrite), with some
wackestone (pelmicrite) areas in lower part.
Along outcrop packstone is replaced by dolomite 
lense with large birdseye structures, root 
structures, and few bryozoan fronds.
4.0 Packstone (Biomicrite and pelmicrite), coarse 
bioclastic (Pentremites sp. and ossicles).
Some very bioclastic laminae, few horn corals.
4.0 Packstone, bioclastlc, lenticular.
5.5 (Partly concealed) Packstone, coarse to medium, 
bioclastic and oolitic in lower part. Upper part 
is wackestone (biomicrite).
3.5 Grainstone, fine to medium, oolite.
2.5 Grainstone (oosparite), oolite, thin-bedded with 
thin shaley or mar ley interbeds.
1.5 Grainstone (oosparite), lenticular.
1.9 Grainstone (oosparite), with prominent cross-laminae.
2.4 Grainstone (oosparite), fine, oolite with cross-laminae.
3.8 Grainstone, oolite, weathered.
3.0 Grainstone or packstone, oolitic, with coarse bloclasts.
2.6 Grainstone (oosparite), medium to very coarse,
bioclastic and oolitic. Lenticular, thinning to 
0.5 foot along outcrop. Finer, with fewer bioclasts 
in upper part.
1.3 Grainstone (intramicrite), base gradational with
underlying bed.
1.2 Grainstone, bioclastlc and oolitic, inclined laminae.
2.0 Grainstone, oolite, fine.
0.6 Grainstone, oolite, with coarse bioclasts in upper
part.
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5.3 Grainstone (oosparite), oolite, fine, inclined - 
laminae.
1.7 Grainstone, oolitic, two beds, zones with 
abundant bioclasts.
5.7 Grainstone, bioclastlc, lenticular.
1.7 Packstone, bioclastic and oolitic, low angle 
inc1ined-laminae.
2.1 Packstone (oosparite), bioclastic, lntraclastic, 
upper 0.5 foot flaggy with abundant fossils on 
surfaces, mostly bryozoan fronds and brachlopods.
1.0 Grainstone, bioclastlc.
3.9 Grainstone (oosparite), oolitic, some bioclasts
and intraclasts.
3.5 Grainstone, oolite.
2.5 Grainstone (oosparite), oolite, lenticular.
3.5 Grainstone (oosparite), oolite.
1.2 Packstone (oosparite), dirty.
3.0 Packstone (biosparite), bioclastic.
1.5 Packstone (biosparite) fine to medium, bioclastic.
2.5 Dolomite (biomicrite dolomite), partly concealed.
1.5 Dolomite (biomicrite dolomite), gray, with few 
bloclasts, conchoidal fracture, relatively non­
descript, few "nail hole" burrows. Two horn corals 
in lower part.
1.5 Packstone and wackestone (biomicrite, parts 
dolomitized^ dolomite, bioclastic,grades into bed 
above.
1.4 Packstone (biomlcrudite), dirty, fine to coarse, 
abundant Pentremites sp. calyxes and stems. One 
large horn coral. Fossils are concentrated in one 0.2 
foot-thick zone.
0.5 Wackestone (biomicrite dolomite), bioclastlc.
2.3 Packstone (Intrasparite), coarse, bioclastlc.
Upper part is fine grained, dirty and burrowed.
2.6 Grainstone (biosparite), bioclastic, becomes 
finer grained upward.
3.2 Grainstone (biosparite),fine to medium, bioclastic.
3.8 Grainstone (biosparite) in lower part. Upper part
is finer and less bioclastic (intrasparite or 
biosparite).
2.0 Grainstone (biosparite).
3.5 Gralustone, bioclastic, coarse, no visible laminae.
5.0 Grainstone (biosparrudite), bioclastic, coarse.
2.3 Grainstone (biosparite), fine to coarse, bioclastic, 
low angle Inclined-laminae. Very thin wackestone 
lenses fill depressions on upper surface.
7.5 Grainstone (biosparrudite), bioclastic, parts
oolitic, relatively massive but weathered face 
Indicates thin to medium bedding.
33.0 Packstone (blosparrudlte, biosparite, intrasparite), 




3.5 Packstone (dolomitized biomicrudlte), bio- 
clastic, coarse, and wackestone (biomicrite), 
thin, lenticular, bioclastic. Upper part 
dolomite (dolomitized biomicrite).
1.5 Flaggy limestone and shale, mostly concealed.
1.5 Dolomite or mudstone (pelmicrite), "nail hole" 
burrowed, few large gastropods, one horn coral 
and few poorly defined bioclastic layers, mainly 
small pelmatozoan stems. Dark blue-gray color.
1.2 Packstone (biomicrite), bioclastic, fine to
medium.
8.0 Packstone or wackestone (biomicrudite),
fossiliferous, with abundant small brachiopods, 
interbedded with very fossiliferous shale with 
Archimedes fronds and "screws." Flaggy very 
fossiliferous limestone in very fossiliferous 
shale. Fifty percent shale and fifty percent 
limestone.
2.5 Lower part is grainstone (oosparite), oolite.
Middle part is packstone, bioclastic, with some 
ooliths. Upper part is packstone (intramicrudite), 
bioclastic. First Pentremites above base of 
Bangor, one horn coral and abundant pelmatozoan 
stems. Bed is lenticular.
1.6 Wackestone or packstone (biomicrudite), with few 
bryozoan fronds, very hard, thin-bedded, with 
shale interbeds. Poor exposure.
1.1 Grainstone (oosparrudite), oolitic, bioclastic. 
Finer and less bioclastic upward. Lenticular, 
upper part dirty.
0.8 Packstone (biomicrudite), bioclastic, coarse.
30.0 Concealed to base of Bangor, probably carbonaceous
shale. Actually 92.0 feet concealed to a 4.2 foot 
sandstone, probably part of the Pride Mountain 
Formation or Floyd Shale.
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DUTTON
Location: Roadcut on Alabama Highway 40 at the entrance of
Tacabet Park about 1.8 miles east of junction with Alabama Highway 35.
Ft. Lower Pottsville Formation
Sandstone, clean, conglomeratic, thin-bedded.
Parkwood Formation
100.0 Shale, with few thin sandstone beds.
30.0 Shale, very silty and lenticular, thin-bedded.
Sandstone is thinly laminated with carbonitized 
plant impress ions.
2.0 Sandstone, very argillaceous, partially indurated. 
Contains plant fossils.
43.0 Shale, weathered, clay wash and concealed section.
Shale under the above sandstone contains plant 
fossils.
Pennington Formation
11.0 Wackestone, burrowed, with few very thin marly zones 
(all about 1.0' thick) over packstone, 
bioclastic with blastoid clayxes on weathered face.
Lower part is oolitic grainstone with large scale, 
low angle cross-laminae.
97.0 Concealed, probably shale.
2.0 Mudstone (dolomite), nondescript, with conchoidal 
fracture.
3.4 Mudstone and packstone (dolomite), with chert
layers and nodules. Thin-bedded, with algal 
laminae, some spirifers in lowermost bed.
1.3 Packstone (dolomite), thinly laminated, with
abundant whole spirifers in varied orientations.
10.8 Mudstone (dolomite), impure, nondescript, with
conchoidal fracture.
2.0 Mudstone (dolomite), impure.
25.0 Mudstone (dolomite), nondescript, with conchoidal 
fracture. Some beds with algal laminae, and one 
bed is rooted and contains birdseye structures.
Bangor Limestone
21.0 Packstone, intraclastic and bioclastic, over grainstone, 
oolitic, thin-bedded and lenticular upward, and finer 
grained upward. Contains large scale cross -laminae.
3.8 Grainstone, oolitic with cross-laminae.
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21.0 Mudstone (dolomite), with few chert nodules.
Some small brachlopods and "nail hole burrows," 
and well developed algal laminae In upper part. 
About eight feet below top Is a 1.5' thick 
packstone,with packstone filled burrows Into 
underlying dolomite. Packstone Is cross-bedded. 
Cherty part thickens to northeast. Bioclastic 
packstone channel cuts through dolomite sequence. 
Blocks and pebbles of dolomite included in 
packstone. Packstone overbank deposits occur on 
or over dolomite. Dolomite with algal laminae 
and birdseye structures. Also, dolomite appears 
to be rooted where it overlies the channel.
19.2 Grainstone, oolitic, bioclastic, with large scale,
low angle inclined-laminae. Upper five feet is 
fine,oolitic packstone or grainstone, but upper­
most part is not oolitic, however, burrows are 
prominent. Middle part is very bioclastic and 
very coarse grained.
8.7 Wackestone or packstone with "nail hole burrows,"
few small horn corals, and abundant small brachio- 
pods. Some thin laminae (algal?) and few,very 
thin,marl zones. Upper part is more bioclastic.
4.9 Packstone and wackestone. Upper part is burrowed
wackestone and lower part is fine to coarse, 
bioclastic packstone.
3.5 Packstone or grainstone, fine grained with rare, 
coarse bioclasts. Coarse bioclasts occur on 
bedding planes.
2.5 Grainstone, oolitic, with few blastoid calyxes. 
Base of unit not exposed.
Base of Bangor estimated to be about 25 feet below 
the above grainstone.
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8.0 Mudstone (pelsparite), with roughly stratified 
nodular chert.
0.7 Wackestone (dolomite), highly burrowed, with
abundant small brachiopods.
0.4 Mudstone (dolomite), shaley at top and bottom.
1.0 Wackestone (dolomite), burrowed, with abundant 
bryozoan fronds and few brachiopods. Shaley 
at top.
0.6 Wackestone (dolomite), impure.
2.1 Packstone or wackestone, burrowed, impure, 
bioclastic •
1.0 Packstone, bioclastic.
0.5 Shale, and thin-bedded packstone with elongate
chert nodules
1.3 Wackestone (dolomite), burrowed, relatively 
nondescript .
0.4 Shale (covered).
2.5 Grainstone, oolitic, upper part burrowed and 
dirty.
4.0 Packstone, coarse, bioclastic, large scale cross­
laminae. Abundant non-fenestrate bryozoans and 
pelmatozoan stems. One area appears to be a 
filled-in solution cavity.
7.9 Mudstone (pelmicrite dolomite), nondescript, 
conchoidal fracture. Three massive beds.
8.0 Shale, weathered.
2.0 Mudstone (dolomite), impure, bioclastic, flaggy, 
and shale.
4.9 Grainstone, rudaceous, bioclas tic,with intraclasts 
in upper part. Burrowed in upper part. Cross- 
laminated.
2.7 Packstone, bioclastic, fine grained at top. Few
dirty, very thin, very bioclastic zones. Dirty and 
coarse, with few chert pebbles at base.
5.5 Mudstone (dolomite mlcrite), algal laminated, 
birdseye structures, with some very thin shale and 
chert beds (0.1 foot thick).
6.3 Bedded and nodular chert sequence. "Nail-hole" 
burrowed relatively nondescript dolomite (very 
dolomitic pelsparite) beds from 0.8 to 1.3 feet 
thick. Fossils include brachiopods, small corals
and few plant fossils. Interbedded with fossiliferous 
chert and hard slaty shale, parts with abundant plant 
fossils.
2.1 "Nail hole" burrowed dolomite with blastoids on weathered
surface.
0.3 Dolomite (dolomltlzed pelmicrite), siliceous, very
hard, lenticular.
1.6 Dolomite, bioclastic, very thin,discontinous laminae.
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1.8 Wackestone, dolomltized, bioclastic,with large
coral clusters and scattered blastoids on outcrop 
face.
2.5 Wackestone, dolomltized, bioclastic, with "nail-
hole" burrows.
2.0 Packstone (fossiliferous oosparite), fine.
3.7 Packstone (biosparite), fine at top ,coarser at base.
0.4 Packstone (biosparite), bioclastic, dirty.
1.3 Wackestone (biosparite), very fine to fine, part 
with algal laminae.
0.2 Packstone (biomicrudite), very dirty.
3.0 Wackestone (dolomitic biomicrite), dolomitic, 
possibly packstone, bioclastic, upper 0.2 foot is more 
bioclastic.
2.8 Upper part: 1.8 feet grainstone, medium to coarse, 
bioclastic and oolitic with abundant "lamp shell" 
brachiopods. High angle cross-laminae. Lower part:




1.0 Grainstone (biosparite), bioclastic and oolitic.
0.5 Packstone (biosparrudite,) bioclastic.
0.6 Packstone (biosparrudite), bioclastic. Just below
soil zone.
1.3 Packstone (biosparite), bioclastic, lenticular, 2 to 3 
beds, thickens to 1.9 feet uphill at expense of shale.
9.7 Shale, tan, weathered, very fossiliferous - mostly 
impressions of bryozoan fronds. Thins to 7.4 feet 
uphill.
1.3 Packstone (oosparite), bioclastic and oolitic.
Must be lenticular because shale overlies dolomite 
in next outcrop 30 yards away.
1.4 Packstone or wackestone (biomicrite), 2 to 3 beds,
burrowed, upper part burrowed or weathered out corals.
1.3 Wackestone, bioclastic with some cosrse bioclastic 
debris, mainly pelmatozoan stems. Corals scattered 
throughout.
0.5 Coral bed
0.8 Packstone, fine to medium grained, bioclastic.
Very low angle cross-bedding. Wavy contact with 
overlying coral bed.
2.7 Lower part: Packstone (biosparite), bioclastic.
Upper part: Wackestone (biomicrite) with coral
concentrations.
1.3 Dolomite (dolomitic biomicrite) "nall-hole" burrowed , 
lenticular. Abundant corals. Corals must have grown 
either in place or on nearby top of packstone surface. 
Fine grained material could have been trapped by the 
corals.
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2.3 Packstone (biosparite), bioclastic, tends to 
coarsen upward, thickens to 3.6 feet. Lower 
part oolitic.
13.0 Packstone, bioclastic, coarse, lenticular, tends 
to be finer grained upward. Abundant pelmatozoan
8terns. One thin lense of highly burrowed wackestone. 
One large coral noted.
12.2 Concealed, probably shale.
1.0 Wackestone (pelmicrite), algal laminated and rooted. 
Large gastropod (Amphiscopha sp.)
5.0 Dolomite, nondescript.
0.4 Chert, thinly laminated with root structures.
1.3 Dolomite, algal laminated, birdseye structures, 
mudcracks, parts silicifled.
3.3 Wackestone (pelmicrite) with "nail-hole" burrows, 
dolomltized.
3.3 Dolomite, with "nail-hole" burrows and some algal 
laminae.
4.2 Packstone (biosparite), bioclastic.
21.5 Concealed. Probably shale. Contains dolomite float.
3.6 Grainstone (oosparite), oolitic and bioclastic.
Low angle inclined laminae.
3.7 Grainstone (biosparite), oolitic and bioclastic.
Incline laminae.
4.6 Dolomite, dark blue-gray, with algal laminae 
and desiccation.
1.2 Dolomite (dolomltized pelmicrite), nondescript, 
petroliferous odor, few small bioclasts near base 
as seen on weathered face.
1.9 Packstone (oosparite), bioclastic, lenticular.
10.3 Dolomite (pelmicirte), "nail-hole" burrowed, small 
brachiopods, rooted, petroleum odor.
7.9 Dolomite (dolomltized biomicrite) with few chert 
nodules. Weathered face shows bedding planes.
10.1 Dolomite or wackestone (dolomitic biopelsparlte), 
irratic bedding, very lenticular or pod-like. More 
even bedded in upper part.
7.7 Packstone (biosparruditeX bioclastic, coarse, inclined 
laminae, becomes oolitic upward. Gradational upper 
contact.
9.9 Packstone and grainstone, bioclastic like underlying 
bed but oolitic.
9.5 Packstone and wackestone (biosparite), bioclastic, 
coarser and cleaner upward. Abundant pelmatozoan 
stems, broadly lenticular.
5.6 Wackestone (pelsparlte), "nail-hole" burrowed with 
large gastropods. Appears to grade into underlying 
bed.
5.1 Grainstone, oolite.
7.0 Wackestone with some "nail hole" burrows with very thin
wackestone or packstone areas Interbedded with oolite 
lense.
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3.6 Grainstone (oosparite), oolite.
1.8 Wackestone or dolomite (dolomitized biomicrite),
blue-gray. Possible petroleum odor.
6.1 Grainstone (oosparite), oolite, low angle ,
inc1ined laminae.
1.4 Dolomite (dolomitized biomicrite), dark blue- 
gray with bioclasts, most of outcrop covered.
1.2 Wackestone (dolomitized biomicrite) with "nail
hole" burrows.
2.4 Packstone, bioclastic.
1.0 Shale, very fissle, mostly concealed. This
shale unit is probably the base of the Bangor 
Limestone.
1.6 Mudstone or dolomite, well developed root
structures. Upper 0.2 foot calichified. Very 
irregular lower surface. Pod-like development.
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CORE HOLE
(U. S. Gypsum Co. LAF X1006 Core Hole #2)
Location: Latitude 1,647,500' north and longitude 96,900'
east in Chatooga County, Georgia, as measured on the Valley Head 
topographic quadrangle.
Depth Feet Lower Pottsville
166.0 11.6 Sandstone, conglomeratic. Abundant gravel-
size red to gray brown clasts, sideritic.
Parkwood
177.6 18.4 Shale, gray, thin-bedded and thinly laminated,
and slltstone, and very fine to fine sandstone. 
Distorted bedding. Shale less abundant 
downward. Few pebbles in sandstone.
196.0 6.0 Sandstone, light gray to dark gray, fine, with
shale laminae and partings.
202.0 17.0 Sandstone as above, but more massive and fine
to medium grained, alternates with laminated 
shaley sandstone. One pebble zone 0.2 foot 
thick.
219.0 7.3 Shale with very thin beds of very thinly
laminated, fine to very fine sandstone. Small 
scour-and-fill structures. Becomes sandier 
downward.
226.3 29.4 Sandstone with very thin shale or slltstone
laminae or partings, most horizontal. At 
base is 0.1 foot conglomerate.
255.7 11.2 Alternating fine sandstone and shale laminae.
Sandstone has small scale cross-bedding.
266.9 25.1 Sandstone, feldspathic (?), few shale laminae.
292.0 17.2 Shale with thin sandstone laminae, parts burrowed,
more sandy at base. Some sandstones with red 
slltstone (sideritic) clasts.
309.2 6.9 Sandstone, fine to medium, possibly feldspathic.
Scattered red clasts. Clasts are poorly sorted. 
Some irregular coal laminae present.
316.1 38.9 Shale, dark gray, very thinly laminated with few
irregular, very thin, sandstone laminae.
355.0 65.6 Sandstone with shale laminae at top. Parts are
orthoquartzltic and parts are alternating sand­
stone and shale laminae. One section of sandstone 
contains vertical fractures coated with calcite 


















Summary: cycles of shale and sandstone with 
shale laminae at top grading to sandstone 
with red shale conglomerate at base.
9.4 Shale with sandstone laminae, to dark gray 
siltstone. Parts contorted.
3.1 Sandstone, light gray, fine to medium, few 
shale laminae. At base, 0.3 foot thick dark 
gray conglomerate with red-brown pebbles
(8iderite).
12.9 Sandstone, fine to medium. Very thin shale
laminae in middle part and shale conglomerate
at base.
19.5 Sandstone, light gray, fine with 0.3 - 0.4 
foot of coal and siltstone or shale clasts.
Lower half has no clasts.
7.1 Thin-bedded (five beds) sandstone and siltstone, 
some with clasts. Lowest bed is thickest.
22.5 Alternating, very fine sandstone and shaley
siltstone. Sandstones are thicker at base.
16.9 Sandstone and slltstone as above, but less
regular alternations and many compaction 
features.
7.5 Alternating thin-to medium-laminated shale 
and siltstone or very fine sandstone, but 
mostly shale. Lowermost bed is 0.5 foot 
sandstone with basal 0.1 foot conglomeratic 
s iltstone.
9.8 Sandstone, very fine, or coarse siltstone, with
few very thin, dark gray, shale laminae.
Sandstone contains small scale cross-laminae.
47.7 Shale, dark gray, alternating with sandstone
(chert sublitharenite), fine to very fine, and 
siltstone laminae. Sandstone beds are thicker 
downward and the lowermost is transitional with 
the underlying unit.
5.3 Sandstone, very fine with few irregular shale
laminae, all contorted.
27.3 Alternating, sandstone (chert sublitharenite),
very fine, or siltstone, and dark gray shale, 
highly burrowed, probably modified by compaction. 
Progressively more shalier downward.
1.0 Shale alternating with few, thin, slltstone 
laminae, burrowed and possibly mudcracked, one 
penecontemporaneous slump feature. Shale 
becomes silty downward and grades into underlying 
bed.
2.1 Siltstone, shaley, very thinly laminated.
0.8 Siltstone, shaley, highly burrowed.
7.5 Alternating, sandstone, very fine, and shaley 
siltstone. Few shaley siltstone clasts. Small 
scale cross-laminae and scour-and-fill structures. 
Individual sand beds tend to become finer upward.
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621.0 2.2 Sandstone, fine to very fine, cross-bedded,
relatively clean, with some clasts in middle 
part.
623.2 7.6 Siltstone, shaley, and very fine sandstone,
very thinly laminated, with cross-laminae and 
scour-and-fill structures.
630.8 1.0 Sandstone, fine to very fine, clean, faintly
cross-laminated.
631.8 2.0 Siltstone, shaley, and some very fine sandstone
laminae at top; to sandstone, fine to very fine, 
with sideritic clasts at base.
633.8 16.3 Sandstone (limestone - chert - micaceous rock
fragments sublitharenite), fine to medium with 
horizontal laminae. Contains scattered clasts. 
Very distinct break with shale below.
Floyd Shale
650.1 8.8 Shale, dark gray to black, with few very thin
laminae or partings.
658.9 6.6 Shale, dark gray to black as above but with zone
of scattered brachiopods and pelmatozoan stems 
(biomicrudite with silty shale matrix).
665.5 5.0 Sandstone (slightly calcareous quartz arenite
and chert-limestone sublitharenite), silty, 
very irregular, rooted or burrowed, with few 
shale clasts in middle, over thinly laminated 
sandstone. Lower part with scour-and-fill 
structures (?) and green shale.
670.5 14.8 Shale, dark gray to black to greenish, and red,
thinly laminated. Contains a 0.5 foot and a
1.75 foot limestone bed (biosparrudite).
685.3 3.1 Sandstone, light gray, fine, very thinly
laminated, micaceous, with few scattered 
shale clasts, gradational with underlying bed.
688.4 3.0 Shale, dark gray, silty, thinly laminated at
top, over burrowed fossiliferous shale, over 
burrowed nodular limestone (biomicrite), over 
same but with larger sand-size bioclasts.
691.4 54.6 Siltstone, shaley, laminated, and very fine
sandstone (glauconitic, chert sublitharenite), 
burrowed, and rare mollusk shells.
746.0 88.4 As above, but less sandstone and slltstone and
fewer burrows. Few thin red interbeds.
Bangor
834.4 10.0 Shale, dark gray to black, fossiliferous and
lime wackestone (biomicrite and biomicrudite). 
More fossiliferous at top, with pelmatozoan stems 
Archimedes sp., and brachiopods. Lower 0.75 foot 
also very fossiliferous.
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844.4 8.0 Shale, dark gray to black, with few fossils,
interbedded with lime grainstone or packstone 
with few burrows, gradational with underlying 
bed .
852.4 2.8 Packstone (oosparite), and wackestone (bio­
micrudite), with corals, calcispheres, and 
brachiopods, burrowed, abundant bryozoan fronds 
at base.
855.2 1.7 As above, but upper part irregularly bedded
(biosparrudite), lower part shaley or micritic 
(biomicrite and oomicrite).
860.2 1.8 Alternating packstone and micrite, burrowed, with
clacite-filled joints.
862.0 9.0 Micrite at top, to coarse packstone at base,
with few thin bioclastic interbeds.
871.0 2.7 Shale, calcareous and fossiliferous at top, to
packstone (biosparrudite), coarse, at base.
873.7 8.5 Shale, red and dark gray, with very thin sand
laminae, calcareous fossiliferous (poker chip 
shale). Slump (?) structures present.
882.2 1.3 Packstone (biomicrudite), coarse, bioclastic,
with irregular shaley interbeds.
883.5 BASE OF BANGOR
APPENDIX B
BANGOR MARKOV ANALYSIS
A Markov Analysis patterned after Lumsden (1971) was employed 
to test whether or not the Bangor Limestone possesses "memory" and 
cyclicity, and to establish a preferred order of succession of litho- 
facies. The four basic Bangor facies were subdivided into eight 
subfacies based only on rock type in order to make the study more 
objective. The only significant subdivision, in terms of rock 
volume, was differentiating between oosparite and biosparite in the 
general oosparite facies.
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Figure 18A is the "unit transition count matrix" which is a 
tally of the number of times one facies state is succeeded by another. 
For example, Row 1, Column 2 shows oosparite is overlain by biosparite 
eleven times. The most frequent combination is shale being overlain 
by pelmicrite fifty-eight times, Row 5, Column 4.
The next step involves the construction of a "transition 
probability matrix" (Figure 18B); it is simply the relative frequence 
one facies state succeeds another. For example, from Figure 18A,
Row 1, Column 2, oosparite is overlain by biosparite 11 out of 56 
times or 19.67. of the time.
The "independent trial matrix" (Figure 18C) shows the chance of 
an event occurring if the pair transitions are a function of random 
processes. This matrix can best be explained by taking Row 1
2. Unit transition matricies dictate that the matrix diagonal, 
containing the cells where a particular facies is succeeded 
by itself, have a xerc value. Multistory transitions may be 
examined by Lumsden (1971).
unit transition count matrix
I 2 1 4 5 6 7 8 SUM
1 0 11 19 7 10 3 3 3 56
2 13 0 23 4 4 3 0 0 47
3 15 17 0 15 34 4 2 0 87
4 10 6 9 0 56 7 2 2 92
3 8 10 33 58 0 2 0 1 112
4 7 4 5 6 0 0 4 0 26
7 2 0 2 1 I 4 0 0 10
8 2 1 0 2 0 1 0 0 6
SUN 57 49 91 93 105 24 11 6 436
INDEPENDENT TRIAL MATRIX
1 2 3 4 5 6 7 8
1 0 .129 .240 .245 .227 .063 .029 .016
2 .147 0 .235 .240 .271 .062 .028 .016
3 .165 .142 0 .270 .304 .070 .032 .017
4 .166 .143 .265 0 .306 .070 .032 .017
3 .172 .148 .275 .281 0 .072 .033 .018
4 .138 .119 .221 .226 .255 0 .027 .014
7 .134 .115 .214 .219 .247 .056 0 .014
1 .132 .114 .212 .216 .244 .056 .026 0




Figure 18. Bangor Limestone - Markov matricies
TRANSITION PROBABILITY MATRIX
1 2 3 4 5 6 7 8 SUM
1 0 .196 .339 .125 .178 .054 .054 .054 1.00
2 .277 0 .489 .085 .085 .064 0 0 1.00
3 .172 .196 0 .172 .391 .046 .023 0 1.00
4 .109 .065 .098 0 .608 .076 .022 .022 1.00
5 .071 .089 .295 .518 0 .018 0 .009 1.00
6 .269 .154 .192 .231 0 0 .154 0 1.00
7 .200 0 .200 .100 .100 .400 0 0 1.00
8 .333 .167 0 .333 0 .167 0 0 1.00
DIFFERENCE MATRIX
1 2 3 4 5 6 7 8
1 0 .067 .099 -.120 -.049 -.009 .025 .038
2 .130 0 .254 -.155 -.186 .002 -.028 -.016
3 .007 .054 0 -.098 .087 -.024 -.009 -.017
4 -.057 -.078 -.167 0 .302 .006 -.010 .005
5 ->101 -.059 .020 .237 0 -.054 -•.033 -.009
6 .131 .035 -.029 .005 -.225 0 .127 -.014
7 .066 -.115 -.014 -.119 -.147 .344 0 -.014





(oosparite) as an example:
Oosparite occurs 57 times In the sequence (Column 1 sum). 
There are a total of 436 counts and there are 436 less 57, 
or 379 individual units which could overlie oosparite.
If each lithofacies unit had an equal chance of succeeding 
oosparite, then biosparite (Column 2 sum of 49) would 
have a 12.9% (49 f 379 = 0.129) chance of following 
oosparite; biomicrite (Column 3 sum of 91) would have 
a 24% (91 •j 379 * 0.240) chance of following oosparite, 
etc. These values are entered on the oosparite row 
(Row 1) in the "independent trial matrix."
The remaining lithofacies are treated similarly and the 
"independent trial matrix" is simply a "transition probability matrix" 
if the succession were due only to chance.
The "difference matrix" (Figure 18D)(Gingerich, 1969, ex.Lumsden, 
1971) is constructed by subtracting the "independent trial matrix" from 
the "transition probability matrix." Again, using Row 1 as an example:
Cell 1,1 value is zero,
Cell 1,2 value is 0.196 - 0.129 - 0.067,
Cell 1,3 is 0.339 - 0.240 - 0.099,
Cell 1,4 is 0.125 - 0.245 --0.120, etc.
The "difference matrix" provides the values for determining the 
most likely order of succession of Bangor lithofacies. The difference 
value indicates the relative probability of an event occuring over 
and above a chance occurrence. A negative value for a pair transition 
indicates the transition in question occurs less than if the succession 
were random. A positive difference indicates the pair succession 
occurs more than a succession due solely to chance with the larger 
positive values signifying stronger probabilities for pair transitions.
The tree diagrams of Figure 15 were constructed using the 
"difference matrix" and, as noted in the text, they represent an
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amalgamation of cycles. Lumsden's (1971) evaluation of the use of 
Markov Chain analyses for carbonate rock sequences led him to suggest 
the product of ten times the number of transition cells would provide 
an adequate number of transition counts for a reasonable interpretation. 
Bangor transitions totaled 436 or 124 counts less than desirable as 
suggested by Lumsden (1971) and the successions shown by the tree 
diagrams of Figure 15 may change with the incorporation of more counts.
The above study shows the preferred order of succession, however, 
the significance of the conclusic-s drawn and the proof that the 
sequence possesses "memory" can be tested using chi-square tests as 
described by Lumsden (1971). The chi-square value comparing the 
observed frequency to the expected frequency of each cell transition, 
as recorded in the tables of Figure 18, were calculated as follows:
The null hypothesis being there is no difference between 
transitions of facies pairs as found in the Bangor compared to transi­
tions due solely to chance. Table 4 shows the chi-square calculations. 
This analysis showed the presence of highly significant memory:
(^ij is the observed frequency of transitions recorded 
in a cell of the "transition count matrix;"
eij is the corresponding cell in the "independent trial 
matrix;" and
^i is the number of separate times a particular 
lithology occurred throughout the entire sequence.)

















































































10 15 4,1 1.66
6 13 4,2 3.46
9 23 4,3 8.76
56 30 4,5 22.55
7 7 4,6 0.00
2 3 4,7 0.17
2 2 4,8 0.12
8 19 5,1 6.68
10 16 5,2 2.40
33 30 5,3 0.30
58 32 5,4 21.57
2 9 5,6 5.41
0 3 5,7 3.47
1 2 5,8 0.51
7 4 6,1 3.39
4 3 6,2 0.34
5 5 6,3 0.05
6 6 6,4 0.01
0 7 6,5 7.10
4 2 6,7 3.41
0 1 6,8 0.62
2 1 7,1 0.36
0 1 7,2 1.10
2 2 7,3 0.00























436 436 (56 ceils) 181.15
Ill
An examination of the chi-square tabie shows cells with few 
or no counts contributed little to the total of 181.5.
One difference between this transition study and Lumsden's 
(1971) is that he calculated chi-square values for each of his measured 
sections, whereas this investigator calculated the chi-square values 
from transitions within the Bangor for the six measured sections 
combined. This provides a larger count per cell, and the conclusions 
should be valid. If the order of succession is completely random, 
the results should be the same no matter how many additional measured 
sections are included and vice versa.
Refer to the section titled ENVIRONMENTAL SYNTHESIS in the main 
body of the text to see how the results of the Markov analysis was 
integrated into this study.
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